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to our custome 


and future 


Whether you want information on an application, or 
on pe existing installation, the Ajax Magnethermic MAGNETHERMIC 


_ man can give you assistance. He knows induction heating 


GENERAL OFFICES................P. 0. Box 639 


Youngstown 1, Ohio 


TRENTON DIVISION __.__.. 930 Lower Ferry Road 
Trenton S, New Jersey 


YOUNGSTOWN DIVISION...3990 Simon Road 


Youngstown 1, Ohio 
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The artist who designed this month’s cover is Lanny W. PiLvor, 
student at Cleveland Institute of Art. It is a photograph of an 
aluminum free-form sculpture, executed by STEPHANIE ScuRIS. 


Technical News in Brief 
CO, Welding Continues Rapid Growth . . . Carbonyl Nickel: New Idea for Dies and 
Patterns . . . “Lost Styrene” Instead of “Lost Wax” . . . New Thermocouple Resists 
Oxidation . . . Tin Improves Wear Resistance of Cast Iron . . . More Uses for Ultrasonic 
Cleaning . . . CO, Purge Reduces Repair Hazards . . . Materials Progress in Ceramics 
and Graphite . . . Electron Beam Welding Registers Fast Progress ..............-+-++++: 65 


Metals on the Move to the Future 
Columbium Alloys Today, by L. P. Jahnke, R. G. Frank and T. K. Redden.............-.-.. 69 
In columbium alloys, a metal system of great importance is moving toward engineering 
applications. Its potential has been touched lightly, so far, but the great effort now under 
way promises to expand knowledge on the alloys rapidly. (Q-general; Cb-b, SGA-h)* 

4137 Co — a New Steel for Rocket Motor Cases, by G. K. Bhat ......... 75 
Essentially a 4100 with added cobalt and silicon, this steel can be heat treated to 
yield strengths of 225,000 to 235,000 psi. It can be machined, deep drawn, and welded 
with little difficulty, and has virtually no notch sensitivity. Rocket motor cases made 
from it have passed all pressure requirements with ease. (Q-general, 2-60, T2p; AY) 

Lithium in Aluminum — X2020, by E. H. Spuhler, A. H. Knoll and J. G. Kaufman.............. 80 
Developed for aircraft, this new aluminum alley remains strong, both in tension and 
compression, over a considerable range of temperatures. Because the alloy is somewhat 
notch-sensitive, fabricators should use good design and manufacturing techniques to 

minimize stress-concentration points. (Q-general, Q23s, 2-61; Al-b, Li) 


Testing at High Temperatures 
Vacuum Furnace for Creep-Rupture Testing, by T. F. Hengstenberg and E. F. Vandergrift.... 94 
A creep and stress-rupture testing chamber is described which can operate up to 2700° 
F. under a high vacuum. Principal design features are low power requirement, ease of 
test assembly, and adaptability to conventional creep and stress-rupture testing machines. 

(Q3m, 1-53, X29r, 1-78) 
Impact Testing at High Temperature, by A. J. Bush .... 98 
Systems for heating Charpy and Izod impact specimens as high as 1400° F. have been 
devised. Equipment and test methods are described. (Q6, 1-53, 2-62) 
Engineering Articles 
Advances in Aircraft and Missile Technology Revealed at Dallas Meeting ................. 68-A 
Special report on SouthWestern Metal Congress. 
Flight in the Thermosphere—IV. Material Requirements for Radiative Systems, 
by William S. Pellini and William J. Harris, Jr. ........................005. 83 
The structural efficiency of materials plays a major role in the design of thermal pro- 
tection systems based on radiation cooling principles. A combination of high temperature 
and high loading favors the insulated radiative shield. There are also vehicle require- 
ments where loads are low which may favor the hot structure plus insulation system. 
(P11; SGA-h) 
Welding Tantalum for High-Temperature Systems, 
by S. M. Silverstein, J. N. Antonevich, R. P. Sopher and P. J. Rieppel.......... 102 
Porosity in tantalum welds depends on the relation between the carbon and oxygen 
content of the base metal. Ultrasonic vibration reduces grain size in welds but its appli- 
cation may be limited by difficulties in coupling the power source to the work. (K1d, 
1-74; Ta) 
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How service life 
of a furnace I-beam 
was increased 400% 


Electro-Alloys’ knowledge of thermal fatigue 


lead to a simple solution 


As a result of cyclical heating and 
cooling, heat-treating equipment, trays, 
rolls, tubes and other Ratios compo- 
nents, are particularly vulnerable to 
thermal fatigue. This failure mecha- 
nism is not easily spotted. Therefore, 
the natural course of user and supplier 
of heat-resistant castings is to try to 
strengthen the component oe the 
addition of braces, gussets, tie rods and 
other restricting members or through 
making heavier metal sections. 


Almost inevitably this procedure 
results in an even shorter service life. 
The reason: a greater number of 
design members and heavier metal 
sections accelerate thermal fatigue. 


An interesting study in thermal 
fatigue and how it was minimized is 
shown in the Figures at the right. 


I-beam was failing after 
4-6 months 


The beam, shown in Figure 1, sup- 
ported tube stock heated for welded 
tubing. After 4-6 months service, the 
beam would crack and fail at Area “A”. 


Preliminary calculations proved 
that the beam was more than ie uate 
in strength. Therefore, Electro-Alloys 
engineers concentrated their study on 
the thermal factors of the furnace 
operation. As shown in Figure 1, the 
burners were firing below the beam, 
and special precautions had been 
taken to insure that the burner flame 
did not impinge on the cast-alloy beam. 
But, as also shown, the flame travelin 
across the furnace strikes a pte 
pier and deflects into the casting at 
Area A. The high concentration of 
heat at “A” causes the flange to expand 
more rapidly than the web. This con- 
dition created the failure shown in 
Figure 2 and in the photographic 
close-up, Figure 3. 


To all intents, the failure had the 
implications of a weak beam... buck- 


ELECTRO-ALLOYS DIVISION 


ling, cracking and downward deforma- 
tion. The approach to solving this 
problem pies ¢ be to increase the metal 
sections or to add restricting members. 


Simple baffle extends 
beam life 400% 


Electro-Alloys solution of the problem 
was not the design of a new beam but 
the far simpler design of a loose baffle 
to fit the beam, see Figure 4. This 
baffle could take the thermal shock. 
It was small, flexible and could deform 
at will without detracting from the 
strength of the beam. 


This simple baffle has lengthened 
beam life 400%. 


Avoiding expensive thermal- 
fatigue pitfalls 


Users and designers of heat-resistant 
castings are canes, generally, to 
two pitfalls that lead to losses in service 
life and operating economy: 


a. Too much faith in the calculation 
of applied stresses as the measure 
of the casting’s ability to with- 
stand service conditions. This is 
reflected by increasing the size or 
number of restricting members 
... braces, gussets and tie rods. 


. Assuming that an alloy operating 
well at 2000° F. will work just 
as well in a different application 
where maximum temperature is 


only 1700° F. 
These 


itfalls are a natural out- 
— of the lack of information on 
thermal fatigue, an important cause of 


heat-resistant casting failures. 


Electro-Alloys is recognized as a 
leading authority on thermal fatigue 
and high-alloy casting design. Case 
histories, pone as the one reported 
here, and the widely published test 
data emanating from the Research 
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FIGURE 1 


FIGURE 2 


FIGURE 3 


Laboratory at Mahwah, N. J., are 
evidence of this. 


@ Most recent of these reports is “The 
Mechanism of Thermal Fatigue,” by 
H. S. Avery. Copies of this study are 
available on request. Simply write to 
Electro-Alloys Division, 2016 Taylor 
Rd., Elyria, Ohio. 


Elyria, Ohio 
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Metal Progress 


Glass Lubricants Aid High-Temperature Forming, by W. Michael Sterry .................---- 
Preliminary tests, backed up by practical experience, demonstrate that molten glass not 
only lubricates effectively but also protects sheet metal parts from oxidation while they 
are being formed at high temperature. (G-general, 1-66; NM-h, NM-f42) 

Clarify Your Heat Treating Specifications! by L. J. Haga 117 
Vague, poorly written specifications can lead to misunderstandings and arguments be- 
tween customer and heat treater. Specifications for hardness, tensile properties, surface 
condition, straightness (or flatness), and case hardening methods must be carefully 
spelled out if trouble is to be avoided. (J-general, S22, Q29e; ST) 

Distortion in Heat Treatment . . . Its Cause and Prevention, by William Anderson ............ 120 
Distortion can occur in heating, holding at temperature, or cooling. The author also lists 
several measures which can reduce or prevent distortion. (J-general, 9-74) 


Cast Nickel-Iron-Aluminum Alloy, by P. P. Turillon and G. J. DeVito ....................... 125 
Reproduction and description of prizewinning micrograph in 14th Annual A.S.M. Metal- 


lographic Exhibit, Chicago, November 1959. 


Bronze Plating Solves Finishing Problems, by F. A. Lowenheim ....................-..+++++- 126 
Bronze, one of the oldest alloys known to man, is finding new and expanding applica- 
tions in metal finishing. A process for plating copper-tin alloys has been made commer- 
cially available. It has proved economical; it plates rapidly, is easily controlled and has 


excellent throwing power. (L17; Cu-s) 


How to Roll Thinner Tin Plate, by N. H. Polakowski 130 
While thinner tin plate is adequate for most uses and is necessary to meet competition 
from substitutes, it cannot be rolled on standard mills. Fast new mills with smaller work 
rolls will be necessary. (F23, W23c; ST, Sn, 4-53) 


Data Sheet 

Electropolishing Techniques for Producing Metal Foils, by P. M. Kelly and J. Nutting ....... 116-B 
Taken from article in Journal of the Institute of Metals, summarized on p. 156. 

Biographical Appreciation 

Metal Progress’ Biographical Dictionary — Frederick C. Young, by Joseph Gurski.............. 122 

Atomic Age 

Taken from Annual Report to Congress of the U.S. Atomic Energy Commission. 

Short Runs C 

Multi-Station Jig Shortens Testing Time ....133 Wanted: Corrosion Complaints About 

Flow Coating of Auto Body Parts ......... 134 Type 316L Weld Metal ............... 136 


Metals Engineering Digest 
Direct Examination of Metals With the 


Electron Microscope 156 
Preparing Thin Films of Iron ............. 164 
Chinese Aluminum Plant ................. 167 
Alloying With Nitrogen .................. 169 

Low-Alloy Ferritic Steels for 

Scaling of Mild Steel...............-.+++- 192 
Vacuum Pump Selection................. 192 
Specifications and the Metal Producer. ..... 196 
Lubrication by Solids.................... 200 
Bonding by Isostatic Pressing............. 200 
Forging and the Seven-Year Plan.......... 202 
Silicon Affects Friction and Wear.......... 
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KEEPS THE STRETCH IN AUTO STEELS 


Carbon, silicon, and other impurities rob deep drawing steels of their strength 

and stretch. Protect the quality of your steels by using pure manganese— 

ELECTROMANGANESE. Get facts and prices by writing for Bulletin 201 to Tech- 
poor: nical Literature Section, Foote Mineral Company, 424 Eighteen West Chelten 
Building, Philadelphia 44, Pa., or Box 479, Knoxville 1, Tennessee. 
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Tear Sheets 


Numerous letters received by the Editors over the years prove 
that many readers of Metal Progress clip articles they think valuable 
enough to file or to circulate. Some readers also like to keep the 
entire issue for future binding. You can’t do both. So last Febru- 
ary, without any fanfare or even advance notice, we added to the 
“bingo card” on p. 48-A (request for new trade literature ) a corner 
where a man could ask for a reprint of any article in that issue. In 
four weeks we received 197 returns asking for 370 articles! You 
might be interested to know that 114 of these people were either 
metallurgists, engineers, or metallurgical engineers, 26 were in 
executive positions, departmental heads or supervisors, 20 had the 
word “chief” in their title, 11 were in universities, and 27 had mis- 
cellaneous jobs. The article most in demand was Prof. Troiano’s 
Campbell Memorial Lecture on “Brittleness” (72 requests), next 
was the phase diagram for stainless (37), next was for the article 
on molecular sieves (32). Twenty-seven were for the shorter digests 


in the back of the book. 
Advisory Committee 


A “Metal Progress Advisory Committee” has been appointed year 
after year almost since the beginning. Physical meetings have been 
few and far between, but the rotating membership has always 
responded cheerfully and most helpfully to queries from the Editor 
in their respective fields of special competence. As can be seen 
from the roster of the present members on the masthead, p. 7, they 
represent a dozen important branches of the metallurgical field. 
That circumstance governed the program of a meeting at Metals 
Park late in March: Each member, during the afternoon, used 15 
min. to summarize some important recent developments and im- 
pending possibilities. The listening editorial staff felt at the end 
as though they had been on a nation-wide tour of our industry! 


“Materials” for “Metals”? 


With all the opportunities in such an important area and industry 
there is small incentive for Metal Progress to wander off along 
enticing side lines, or to expand into the all inclusive world of 
“materials”. A good friend of ours, only the other day, said that 
everybody was interested in the important field of cermets, meaning 
hard or refractory metallic compounds. He should have said, more 
accurately, that he was greatly interested. To find out whether the 
members of the A.S.M., who constitute more than 90% of the readers 
of Metal Progress, are interested in cermets, we classified the topics 
discussed at all the chapter meetings during the 1957-58 and 1958-59 
season — 99 chapters and 1556 meetings. In two years just 33 meet- 
ings were devoted to cermets and nonmetallics. On the average, 
therefore, the local A.S.M. groups get around to the topic about once 
in six years! 
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LOMA 


TUBE COILERS 
AND WINDERS 


FOR THE PRODUCTION OF 


SINGLE-LAYER COILS 
DOUBLE-LAYER COILS 
BUNCH-TYPE COILS 

LEVEL-WOUND COILS 


LOMA Tube Coilers and Winders 
handle ferrous and non-ferrous tubing 
at high speeds in a wide range of tube 
sizes, coil shapes and coil dimensions 
to suit any shipping and packaging 
requirements. The equipment is avail- 
able either as individual units or com- 
bined with drawing, straightening and 
cut-off machines arranged for com- 
pletely synchronized operation. 

LOMA Tube Coilers are designed with 
maximum flexibility and can produce 
single and double-layer pancake as 
well as bunch-type coils in sizes of 4” 
to 1544” O.D. 

LOMA Tube Winders are designed to 
produce perfectly level-wound pack- 
ages of 4%” to 3%” O.D. tube. Spool 
cores are mounted on the reel shaft 
which is traversed in accordance with 
the lay desired while it winds the tub- 
ing at constant tension. 


Our standard line of 
equipment includes: 


Casting Machines and Molds 
Saws and Cut-off Machinery 
Hot and Cold Rolling Mills 

Rod and Tube Draw Benches 
Roller and Stretcher Levellers 
Air and Hydraulic Tube Testers 


LOMA 


MACHINE MFG. CO., INC 


4114 East 32nd St 
New York 16, N. 


Circle 2122 on Page 48-B 


— 
Ps 
: 
i 
> 
4 
e 
4 
| 


CHECK THE BIG CHANGES 
IN INDUCTION MELTING 


In just seven years, Inductotherm has changed 
the face of induction melting with a barrage of 
new ideas. Some have resulted in lower costs. . . % 
others have simplified operation, maintenance, 

and installation. But all have been aimed at 

making induction melting more useful, and a 
better buy, than ever before. 


IDEA +1 


. . . Packaged Controls: By shrinking the 
size of capacitor banks to permit 
behind-the-panel mounting, Inducto- 
therm was able to introduce the first 
pretested, prewired melting furnace 
controls in induction history. 


Integral Power: M-G set, starter, 
transformer and capacitors were first 
packaged as a compact movable unit 
in the melting controi console of the 
Inducto “Integral” series, which now 
includes capacities up to 100 KW. 


Design Innovations: Inductotherm 
has consistently been first with new 
features in furnace design. Tilt- 
ing furnace power feed through the 
trunions is one example, Heliarc 
welded furnace construction is 
another. 


But these ideas barely scratch the surface. For 
the greatest innovation has been the Inducto- 
therm concept of service. Not just fast repairs 
and overnight replacement of parts (even M-G 
sets) . . . but a basic concept: Inductotherm is 
out to fit induction melting to your needs. We 
will make every possible effort to improve our 
equipment and the induction technique, never 
asking you to trim your requirements to the 
limitations of our equipment. 


If you’d like more information on Inductotherm 
furnaces, write for Bulletin 70. But, for a taste of 
Inductotherm service, ask to have an engineer call. 
Inductotherm Corporation, 412 Illinois Avenue, 
Delanco, New Jersey. 


=NDUCTOTHERM 
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HIGH FREQUENCY 
INDUCTION 


or obligations. 


TYPICAL INDUCTION 
HEATING APPLICATIONS 


PLASTIC COATING 
OF TOOL HANDLES 


A production line operation for 
coating handles of tools at Whitney 
Metal Tool Co., Rockford, Ill. uses 
induction heating with excellent re- 
sults. The handles only are heated 
by induction to the desired tem- 
perature then dipped into a vinyl 
chloride base coating material for 
a short period depending upon the 
thickness of coating desired. The 
plastic coating formed on the han- 
dies is then cured by immersion in 
a carbo-wax bath. 


FORMING OF METAL STRIP 
FACILITATED BY 
PROGRESSIVE ANNEALING 


STEEL STRIP Sree, STRIP AFTER 
INDUCTION COIL PRELIMINARY FORMING 


Metal forming operations which 
require intermediate anneals to re- 
store ductility can be facilitated by 
induction annealing the strip pro- 
gressively. Diagram illustrates this 
procedure for partially formed thin 
austenitic stainless steel strip. The 
induction annealing operation is 
scheduled in the production line 
between two press operations. 
Metal strip and wire of other mate- 
rials are also induction annealed 
in this manner. 


WRITE FOR NEW LEPEL CATALOG 
EI Tube Generators from 1 Kw to 100 Kw 
. Gap Converters from 2 Kw to 30 Kw. 


LABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE 77, N.Y 
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THE ROSS/WALDRON 
STRIP COATING 


high production 
machinery for 
quality coating of 
aluminum and 
steel strip 
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Selecting a Ross/Waldron Strip Coating Line 
for’ aluminum, steel, tin plate or any other 
metal means you have a single source respone 
sible for the complete line. Every piece of 
actual processing equipment is made to the 
same uniformly high specifications. There are 


no weak links. Result? Less down-time—more 
production and the highest quality. 


Write for Bulletin RW-500, or our reprint 
entitled “Continuous Coating of Aluminum 
or Steel Strip.” 


JS.O. ROSS ENGINEERING 
WA LDRON-HARTIG 


DIVISIONS OF MIDLAND-ROSS CORPORATION 
730 THIRD AVENUE, 


NEW YORK 17, NEW YORK 


ATLANTA * BOSTON ¢ DETROIT « LOS ANGELES « SEATTLE « MT. PROSPECT, ILL. 
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From Aluminium Limited research—an important 


The ALCAN 


e Designed for installation on 
level ground . . . mountain or 
in swamp 


LX . 


1a 


e Weight savings of up to 80% 
due to the combination of effi- 
cient aluminum design and the 
guyed-tower principle 


e Lightweight components are 
readily transported by panel 
truck, motorboat, helicopter 
... easily carried by hand 


e Tower can be raised by one 
crew in minutes! 


e Offers all the maintenance 
economies of aluminum 


When used in the “V” arrangement only one 
footing and four inexpensive guy anchorages 
are required—eliminating the need for preci- 
sion in footing work. Side-hill problems of leg 
extensions are nonexistent. 
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new application for aluminum extrusions 


Aluminum Guyed Tower 


—a revolutionary new high-voltage transmission 
structure that “makes molehills out of mountains” 


The Atcan Aluminum Guyed Tower 
brings substantial economies to the con- 
struction of high-voltage transmission 
lines. 

The new unit—designed for “V” or 
parallel leg erection—has been created 
by ALCAN engineers to take full advan- 
tage of aluminum. The resulting combi- 
nation of lightweight metal and the 
guyed-tower principle has many advan- 
tages over rigid conventional types. 


Versatile Application 


Particularly well suited for single-circuit 
lines, the ALCAN Guyed Tower is adapt- 
able to all types of terrain without the 
additional costs normally expected with 
adverse footings and side-hill conditions. 


Economical Installation 


A primary advantage of the new tower is 
a weight reduction of up to 80% less than 
the rigid steel principle. This results in 
lower installed costs through lower trans- 
portation expenses . . . lighter erection 
equipment . . . simpler footing align- 
ments . . . reduced erection time. 


Easily Handled 


All Atcan Guyed Tower components 
can be delivered to the erection site with 
no need for special carriers or heavy lift- 
ing gear. Lightweight 20-foot leg sec- 
tions weighing less than 200 pounds and 
major cross-arm pieces are readily 
handled by workmen without need for 
auxiliary equipment. This permits in- 
expensive yard assembly of a major por- 
tion of the tower before distribution to 
the tower sites. 


Simple Assembly 


Depending on the height required, only 
six to ten standard leg sections and a 
cross-arm go to make up each tower... 
sections can be quickly joined during 
ground assembly of units. 


Single or Twin Base Erection 


The Atcan Aluminum Guyed Tower 
can be erected on a single base in the 
form of a “V” or on twin bases as a por- 
tal type, whichever style best suits con- 
ditions of terrain and right of way. 


Fully Tested Design 


Ultimate load tests on components as 
well as on complete towers have been 
carried out to establish the behavior of 
this arrangement and to confirm design 
principles. Special footings and guy an- 
chorages located in marshland, loose 
sand, packed earth and rocky terrain 
have also been tested to full design 
loadings. 

This development and test program 
resulted in the installation of four guyed 
towers in the ALcANn 345 k.v. Chute des 
Passes transmission system. Ranging from 
76 feet to 96 feet from base to cross-arm, 
two are located on rock and two were 
installed in a swamp. 


Uses Special High-Strength Alloy 


The new ALcan Guyed Tower is made 
of another Aluminium Limited develop- 
ment—ALcaNn B51S aluminum alloy, 
which keeps costs low through a combi- 
nation of high structural strength and 
good formability: Like all aluminum struc- 
tures—maintenance costs are minimum. 


Aluminium Limited 


INQUIRIES FOR ADDITIONAL INFORMATION SHOULD BE ADDRESSED TO 


Atcan Aluminum Guyed Towers over 100 feet in 
height have been raised in less than seven minutes 
from preassembled position on ground using stand- 
ard pole-line truck and rigging. In rough terrain 


tower can be erected in large lightweight sections. 
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Aluminium Limited Sales, Inc.— 630 Fifth Avenue, New York 20, N. Y. 
CLEVELAND + CHICAGO + LOS ANGELES + DETROIT + ATLANTA ST. LOUIS 


Atcan Guyed Towers were subjected to tests 
by Aluminium Limited at Isle Maligne, Que- 
bec, Powerhouse, with single legs up to 96 ft. 
in length, under loads of 93,000 Ibs. 


ll 


USING REPUBLIC 
HIGH-PRODUCTION STEELS 


REPLACING COSTLY ASSEMBLIES: Republic Cold Drawn Special 
Section Bars are formed to the predominating cross section of 
your part. They eliminate built-up, interlocking, or associated 
parts. Use of special section carbon, alloy, stainless, or 
titanium bars assures stronger, longer wearing parts .. . 
faster, lower cost production. Available in a wide range of 
sizes and contours. Send for data. 


MEETING DESIGN REQUIREMENTS: Republic Steel Wire has the 
necessary strength, ductility, and toughness for difficult form- 
ing operations. Republic produces many types for virtually 
any application: Manufacturer's Coarse Wires; Spring Wires 
(Standard High Carbon and MB High Carbon); Screw, 
Rivet, and Heading Wires. Mail coupon for details. 
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EPUBLIC 3-DIMENSIONAL 


METALLURGICAL TEAMS: 
Our mill, field, and laboratory 
metallurgists will help you select, 


pply, and process the high- 


production steel best suited to your 
requirements. Write today or mail 
the coupon for information on this 
confidential service. 


REPUBLIC STEEL CORPORATION 


DEPT. MP-9377 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 

Please send more information on: Company. 

0 Alloy Steel 

O Stainless Steel 

O Special Sections Address. 

O Wire 

0 3-DIMENSIONAL METALLURGICAL TEAMS City. Zone State. 
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MACHINING ONE-PIECE VALVE STEMS: National Acme Company, 
Cleveland, Ohio, uses Republic ENDURO® Type 303 Stainless 
Steel for Hyseal Valve Stems used in new American-Standard 
single-lever mixing faucets. Valve stems are completed in a single 
setup. Ten operations including a multiple end drilling of six holes 
on a 15° angle are performed in 12 seconds. For information on 
the more than 40 types of stainless steel available from Republic, 
mail the coupon. 


FORGING CONNECTING RODS: Herbrand Division of the Bingham- 
Herbrand Corporation, Fremont, Ohio, realizes substantial econ- 
omies through the use of Republic A-8637 Hot Rolled Alloy Steel. 
Non-varying uniformity permits faster production with fewer rejects. 
They start with 2%” bars which ultimately undergo 11 forging 
operations, followed by heat treatment which produces the 
mechanical properties designed into the forging. Send for details 
on Republic Alloy Steels. 


REPUBLIC STEEL 
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Announcing a unique achievement in the field of quality control and 


statistical testing .. . THE NEW INSTRON DYNAMIC DIGITAL SYSTEM 


INSTRON’S new dynamic digital system brings 
dramatic savings in time and work to the field of materials 
testing. For the first time, tests can be conducted and re- 
corded at high speed without the need for time-consuming 
chart evaluation. 

This new system selects values of de- 
sired characteristics from the load- 
elongation curve of the material being 
tested, stores the information in mag- 
netic-core memory units and, on 
completion of the test, prints them 
out on a special high-speed serial-entry 
printer. Total time required for a 
complete test and printing of results 
is less than 15 seconds. 

The digital system can be programmed 
to convert extension, energy, load or 
stress, modulus, yield point, hysteresis 
and other parameters directly into 
numerical values, in any units desired. 


formation in ready-to-use form, also provides for totalizing. 
Digital INSTRON equipment, field tested for over two 
years, more than doubles testing output. The time-saving 
features of this system allow larger samplings for more mean- 
ingful results. Errors in reading charts 
and writing down data are eliminated. 
All the operator does is place the 
sample in the jaws and push a button. 
The system does the rest. 
Think about it. Here are new pos- 
sibilities in volume testing, quality 
control and statistical analysis. Here 
is a new system to bridge the gap be- 
tween manuai tabulation of data and 
high-cost computer operations. Here 
is the opportunity to do more .. . find 
out more...do it more accurately 
. . in less time. 
We invite you to send for full infor- 


The system shown here combines the new digital printout ste: 
The fast, efficient printer delivers in- system with an optional strip-chart recorder. Th mation. Just write: 


us, it’s 


two machines in one — — printed figures for = 
tistical analysis plus the actual corresponding curve for 
detailed visual study of materials characteristics. 


@ INSTRON® 


ENGINEERING CORPORATION 
2500 WASHINGTON STREET, CANTON, MASS. 
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CUSTOM ROLLING” 


of your special metals—the way you want it done! 


Unalloyed Titanium Nickel Base Alloys 
Reactor Grade Zirconium Cupro-Nickel 
Zircaley Il Copper 


Zircaloy Beryllium Copper 
Pure Nickel Boron Stainless Steel 


These and other special metals find ready handling ability at Superior 
Steel—precisely to your requirements! Modern hot and cold rolling mills, 
vacuum and controlled atmosphere continuous annealing furnaces, highly- 
skilled operating personnel are all coordinated by close metallurgical super- 
vision of each order in process. @ The special experience gained in conversion 
of difficult metals over many years is your assurance of satisfaction when 
you send your problems to Superior. Let us consult with you! 


SUPERIOR STEEL DIVISION 


OF 
COPPERWELD STEEL COMPANY 
CARNEGIE, PENNSYLVANIA 
For Export: Copperweld Stee! international Company, New York 


Circle 2129 on Page 48-B 


| 
4-35 
4 


That’s a test pilot undergoing several “‘G’s”’ in one of those human centrifuges. His life and 
the progress of future generations depend on the performance of many tubular parts built 
to rigid specifications, tight tolerances. 

We make stainless steel and nickel tubing in mechanical, aircraft, capillary and hypodermic 
grades in sizes up to 1 inch OD—plus an amazing variety of “‘specialties’’ such as super and 
“exotic”’ alloys, glass-to-metal sealing alloys and clad metals. 

In addition, we produce a vast line of platinum products and chemicals that have been 
used by industry for over a century. 

We are unique because of our ability to work these metals to such tiny, precise forms. 
Bulletin No. 12 describes our tubular products—Catalog No. 5 describes our platinum 
products. Write for them. 


Tubular Products Division J.BIsSHOP eae CO. platinum works @ 30 KING STREET, MALVERN, PENNA. 


A JOHNSON MATTHEY ASSOCIATE “METALS FOR PRECISION AND PERFORMANCE" 
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shock of rapid heating and air quenching; 
S ace resistance to furnace atmosphere and 
oxidation. 


Based upon highly successful use of 
RA330 in other applications with 
temperatures ranging up to 2250° F., 
Solar Aircraft Company selected 
RA 330 for this critical application. 


For best performance specify RA330 
for your heat treating fixtures and 
furnace parts. 


®) RA 330 supports rocket cases in pit 
. furnace 10 ft. diameter by 30 ft. deep. 
br RA 330 provides strength at 1900° F. 
to support, without fear of droppin 


a 3500 pound load; resistance to . 


Photo courtesy of Solar Aircraft Co. 


Rolled Alloys Heat Resisting Alloy Specialists will gladly be 
of service. For technical data—send for Bulletin No. 107. 


rmal 
2 
5309 Concord Avenue Detroit 11, Michigan 
i 330 William Street © South River, New Jersey 


In electron microscopy these Philips features constitute 
obvious design benefits. A new advance in illuminating 
system offers a coherent electron source. This source 
maintains the same excellent image resolution found in 
earlier models, but now provides a noteworthy increase 
in the relative contrast in the images of thin, frail speci- 
mens, whose inherent density variations are not pro- 
nounced. 

Selective penetration offered by 40, 60, 80 or 100 kilo- 
volts provides a choice by which adequate attenuation 
of the specimen can be achieved. Another prime feature 
is the design of the immersion objective lens which pro- 
vides an unusual facility whereby many desirable physi- 
cal treatments of the specimen may be made. These 
include stretching, cooling and heating. It further permits 


ELECTRON 
MICROSCOPE 100B 


the introduction of air sensitive hygroscopic materials. 
Another feature, for example, is the ease of obtaining 
true-stereo images by simple rotation of the specimen 
in its own plane. 

‘“Work-horse” characteristics offer greatly minimized 
downtime and maintenance. Inherent resolution in the 
EM-100B becomes more meaningful with this new in- 
crease in relative contrast. Added to this is the con- 
venience, ease and simplicity of operating the EM-100B; 
low comparative investment costs; and the exclusive 
basic design feature which precludes obsolescence since 
all design modifications and improvements can be added 
to existing models. 

Become convinced that the EM-100B Electron Micro- 
scope is unexcelled by any other in the market. 


Write today. We will be pleased to send you more data 


on this or the smaller EM-75B Electron Microscope. 


PHILIPS ELECTRONIC INSTRUMENTS 
A Division of Philips Electronics and Pharmaceutical Industries Corp. 
750 SOUTH FULTON AVENUE, MOUNT VERNON, N.Y. 
in Canada: Research & Control Instruments ¢ Philips Electronics Industries Ltd. « 116 Vanderhoof Ave. « Leaside, Toronto 17, Ont. 
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For proven strength at high temperatures... 
heat resistant castings made of nickel alloys 


Today, engineers are better able to de- 
sign for high-temperature applications 
— thanks to modern foundry techniques 
and extremely reliable high-tempera- 
ture casting alloys. 

The twelve basic types of nickel- 
chromium-iron alloys give useful 
strength and long life to castings in a 
variety of severe environments: at 
temperatures ranging from 1200° to 
2200°F...reducing as well as oxidizing 
conditions...sulfur-containing, carbu- 
rizing, nitriding or other atmospheres. 


How much strength? 


By selecting from this versatile family 
of nickel-containing cast alloys, you 


can obtain heat resistant castings with 
tensile strengths up to 18,700 psi at 
1800°F ... up to 6,000 psi at 2000°F. 
Stress-to-rupture values go as high as 
9,500 psi (100 hours) at 1800°F ...or 
as high as 2,500 psi (100 hours) at 
2000°F. One of the alloys creeps only 
0.0001% per hour at 2000°F under an 
applied load of 1000 psi. 

Still other alloys in the family pro- 
vide heat resistant castings with spe- 
cial resistance to scale... or thermal 
shock ... thermal fatigue ... stress- 
corrosion cracking . .. sigma phase em- 
brittlement. 


New booklet gives details 
Our new booklet, “Heat and Corrosion- 


Resistant Castings, their Properties 
and Applications”, has just come off the 
press. It contains a wealth of data. May 
we send you a copy? 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street gio, New York 5, N. Y. 


Nickel- Containing Heat Resistant Casting Alloys 


*Alloy Casting Institute 


INCO NICKEL 


NICKEL MAKES CASTINGS PERFORM BETTER LONGER 


JUNE 1960 
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ACI* ACI* 
Type %Cr Type FNi 
Lo HD 6 28 HL 20 30 é 
4 HE 10 28 HN 25 21 . 
: HF 11 21 HT 35 15 
HI 16 28 HW 60 12 


That's what the Germans call the stratosphere trails of high altitude rockets. Soon, Mach 4-5 air- 
craft will be cutting frozen lightning trails across our own skies. Structural parts of hypersonic 


aircraft and missiles must function perfectly at temperatures too high for ordinary alloys. all 


The answer lies in predictable performance Carpenter alloys made by ‘the exclusive Mel-Trol®, 
VacuMeltrol®, and Consumet® melting processes. Engine builders find them ideal for many critical 
parts. Forge shops report improved forgeability resulting in better finishes requiring far less 


machining . . . fewer rejects. 


For the whole story about Carpenter predictable performance high temperature alloys, call your 
local Carpenter Representative or write: The Carpenter Steel Company, 133 W. Bern Street, 
Reading, Pa. 


[arpenter steel 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N.]. 
Webb Wire Division, New Brunswick, N.]. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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at 2300°F 


Utilizing Drever Refractory Compression Rolls 


The above furnace, equipped with 7” O.D. 
refractory compression rolls anneals hot 
rolled and cold reduced straight chrome 
and crome-nickel stainless sheets up to 
2100°F at the rate of five (5) tons per hour. 


The success in utilizing the Drever Refractory Compression Roil in 
annealing stainless steels has been attributed to the roll strength and its 
resistance to pickup which completely eliminates the necessity of using 
rider sheets. The refractory rolls are prestressed. and consist of silicon 
carbide sections retained by spring loaded alloy ends to allow for expan- 
sion and to provide axial forces to insure structural stability under rated 
load. Furnaces have been installed with roll sizes varying from 4¥2” 0.D. 
x 2014” long to 14” 0.D. x 14’-6” long. 


in addition to annealing stainless steel sheets, plates, bars and 
tubing, materials have been successfully heat treated at 2300°F. Avail 
yourself of the experience of Drever Company engineers in solving your 
Stainless steel annealing problems. 


BETHAYRE S, 


a. 
- aid 
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to bring your 
file up to date... 


New bulletins* to help keep you informed 


about today’s modern testing equipment are 


being offered by Riehle Testing Machines. 


To up-date your reference file with this new 
technical information, check the list below and clip it to 


your letterhead. Literature you request will be sent promptly. 
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CHECK BULLETINS WANTED—MAIL TODAY 


(] *Riehle Recorder and Accessories plus Supplement [] Hardness Conversion Chart for Hardened Steels 


(] *Riehle Universal Testing Machines Featuring Electro- [] Impact Testing Machines 


Balanced Indicating Unit and Instrumentation 
[] The Charpy Impact Machine and Procedure for Inspecting 


(] Creep and Stress-Rupture Testing Machines and Testing Charpy V-Notch Impact Specimens 
[J An Axial Loading Creep Machine [] Cable and Wire Testers 


(] *The Riehle-Los Hydraulically Actuated Fatigue (] *Calibration Catalog 


Testing Machine 
[] Handsome wall plaque, reading: ''One Test is Worth 


4 

i 

i () *Measuring Instrumentation Components and Complete a Thousand Expert Opinions." 
4 Systems for Force and Distance 
t 
i 
i 
i 
a 
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e 
[] Construction Materials Testing Machines and Accessories 


Torsion Testing Machines 


A DIVISION OF 


Mechanical Ameri can M ch in ean d Metal Ine. 


. Dept. MP-660, EAST MOLINE, ILLINOIS 
(] Brinell Hardness Testers “One test is worth a thousand expert opinions” 


Divisions of American Machine and Metals, Inc. 


[] Vickers Hardness Testers 


TROY LAUNORY MACHINERY @ RIEHLE TESTING MACHINES e DE BOTHEZAT FANS 
TOLHURST CENTRIFUGALS @ FILTRATION ENGINEERS @ FILTRATION FABRICS ® NIAGARA 
FILTERS © UNITED STATES GAUGE © RAHM INSTRUMENTS © LAMB ELECTRIC COMPANY 


i Portable Hardness Testers for Rockwell Readings HUNTER SPRING COMPANY ® GLASER-STEERS CORPORATION 
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NEW PRODUCTS ¢ NEW NEW PRODUCTS ¢ NEW 
S ¢ NEW PROC orgs ¢ NEW PRODUCTS * NEW PRODUCTS * NEW PR 
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Nonferrous Metals 


99.9995% Pure Indium Spheres 


Accurate Specialties Co., Inc. is now producing ultra- 
pure precision spheres used in forming alloy junctions in 
germanium transistors. The higher purity should increase 
production yields and assure reproducible results. A diam- 
eter range of 0.001 to 0.250 in. held to a tolerance of 0.0001 
in. is offered. A number of indium alloys are also available, 
including indium-gallium, indium-zinc, indium-germanium, 
and indium-gallium-gold. 

For further information circle No. 1825 
on literature request card, p. 48-B 


Radiation and 
Nuclear Materials 


Radioactivity-Measuring Device 


The easily operated “Magnascaler” is a device to collect 
more than 600,000 counts per minute with an accuracy in 
excess of 99%, and will not “overcount” due to pulse dis- 
tortion. It can be used with scintillation detectors, Geiger 
tubes, and proportional counters. It will measure up to 
999.99 in steps of 0.01, using a precise odometer-type 
timer. Picker X-Ray Corp. 

For further information circle No. 1826 
on literature request card, p. 48-B 


Tool Materials; 
Cutting and Forming 


Grinder for Honeycombs 


Thickness tolerances of 0.001 in. can be held on a con- 
veyerized, abrasive belt grinding machine now being used 
in the aircraft industry for high-production grinding of 
honeycomb assemblies. The illustrated machine is also 
ideally suited for finishing flat work requiring close thick- 
ness tolerances. Positive grain eee is achieved 
through a combination 
of high horsepower on 
the belt drive and the 
diamond-head design. A 
36, 48, 60, or 72-in. 
belt can be used with 
this grinder. Small parts 
may also be ground, 
since the work is held 
on a rubber conveyer. 
Automatic upfeed in- 
crements of from 0.0002 
to 0.0005 in. per im- 
pulse compensate for 


JUNE 1960 


DUCTS we 
=W F 2IUCT NEW PROD 


belt wear or part-piece size. A variable drive provides 
conveyer speeds of 6 to 60 fpm. All machines have central 
lubrication and a separate coolant system. Mattison 
Machine Works. 
For further information circle No. 1827 
on literature request card, p. 48-B 


Cemented Titanium Carbide 


To extend the range of conventional cemented carbides, 
a new grade (VR-65) has been introduced which is 
capable of operating at speed and feed ranges between 
those specified for standard carbide grades and ceramic 
materials. VR-65 is fabricated by standard powder 
metallurgy techniques, using titanium carbide and other 
metallic carbides. It can be brazed to steel shanks and is 
ground by conventional methods. Nominal hardness and 
strength of the material is Rockwell A-92 and 175,000 psi. 
High TiC content imparts excellent crater resistance and 
freedom from build-up when machining steel. High edge 
strength is evidenced by the ability of the material to 
perform satisfactorily on milling operations. On a steel 
forging running at 700 surface feet per minute with 0.003 
in. feed and 0.020 in. depth of cut, tool life was increased 
from 15 pieces per cutting edge with conventional carbides 
to 90 pieces per edge with VR-65. Vascoloy-Ramet Corp. 

For further information circle No. 1828 
on literature request card, p. 48-B 


200-Ton Straightening Press 


Hydraulic C-frame straight- 
ening press is constructed of 
heavy, welded sections and 
has hand-lever control 
through a 4-way valve, which 
provides operator with a sen- 
sitive, quick-acting control of 
ram movement. Specifica- 
tions: stroke, 18 in.; gap, 72 
in.; ram pressing surface, 6 x 
25 in.; operating pressure 
2000 psi. Speeds are: ad- 
vance 250 in., press 8 in., and 
return 86 in. per min. Wat- 
son-Stillman Press Div., Far- 


rel-Birmingham Co., Inc. 
For further information circle No. 1829 
on literature request card, p. 48-B 


Diamonds for Metal-Bonded Wheels 


Man-made diamonds for metal-bonded grinding wheels 
are now available. These diamonds are actually a different 
type of crystal than earlier man-made diamonds, which 
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Dial LW* for the Last Word in Open Coil Annealing! 


The Last Word in annealing is the fabulous Open Coil System that provides steel producers with the 
greatest flexibility of any annealing system yet developed. 

Lee Wilson’s Open Coil System permits annealing at “‘continuous speeds”’ in variable widths and 
gauges. Because the furnace operates on the rotary principle it processes each coil individually. For 
the same reason it requires a very minimum of floor area. 

Speed, flexibility, uniformity of anneal and compactness make the Open Coil System the most: 
advanced method of annealing available 
today. If you are not already familiar with Wren’ 

. ENGINEERING 
the Open Coil System why not dial Lee COMPANY, INC. 

Wilson and have a sales engineer contact 20005 LAKE ROAD @ CLEVELAND 16, OHIO 
you at your convenience. = PRODUCTION AWMIRALIN SYSTEM 


% ORIGINATORS AND LEADING PRODUCERS OF OPEN COIL AND SINGLE STACK FURNACES 


Circle 2096 on Page 48-B METAL PROGRESS 


* 
¥ 
+ ‘ 
4 
3] 
3 
: 
of 
‘ 


were developed for use in vitrified and in resinoid-bonded 
wheels. Typical particles of the new diamond are single 
crystals and many show regular crystal faces. The crystal 
surfaces are smoother than the resinoid-vitrified bonded 
type, but are still more irregular than the surface of natural 
diamond fragments. These new diamonds range in size up 
to 100 mesh and can be used in grinding wheels for lens 
laps, glass grinding, electrolytic grinding, and conventional 
grinding of cemented carbide. Other applications include 
forming and shaping synthetic sapphires, cutting germa- 
nium and quartz, and grinding ceramic nose cones. 
General Electric Co. 
For further information circle No. 1830 
on literature request card, p. 48-B 


Magnetool Separator 


An adjustable magnetic unit which separates and floats 
stacked sheets of steel, ranging in thickness from 32 gage 
to 7 gage, has been announced by Magnetool Div., Multi- 


finish Mfg. Co. Designed to facilitate the feeding of 
round, square, or irregularly shaped sheets into presses 


ing blocks also serve as a portion of the roof. Four 
supporting anchors reduce the load on each roof brick. 
The “Series 4836” roof-section burner is partially pre- 
piped, which simplifies installation. The burner is offered 
in air pipe sizes of 1% to 4 in. This gives a heat input 
range of 234,000 to 2,620,000 Btu. per hr., operating at 
16 psi. air pressure. Light oil may be used as a standby 
fuel in these burners. North American Mfg. Co. 
For further information circle No. 1832 on card, p. 48-B 


Environmental Chamber 


Point control of plus or 
minus 0.1° C. in repeatabil- 
ity, speed of response, and 
on-off differential, plus tem- 
perature variation of less than 
1° C. are provided within the 
6-cu.ft. chamber illustrated. 
It is a single-chamber cabinet 
with operating range of —5 
to —120° F., and can remove 
1000 Btu. from metal charged 
into it in 10 min. Air circula- 
tion is positively controlled 
by two blowers operating in 
a plenum chamber. Harris 
Refrigeration Co. 

For further information circle No. 1833 on card, p. 48-B 


Horizontal Zone Refiner 
Lindberg Engineering Co. offers a multiple-tube hori- 


zontal zone refiner for germanium. From one to 12 quartz 


tubes can be mounted and used simultaneously. The 


to multiple sheet feeding, lowers 
production time, and cuts down on 
pry marks and scratches. 

For further information circle No. 1831 


and shears, this versatile separator 


minimizes equipment damage due 


Transverse 


on literature request card, p. 48-B 


Industrial Heating 


Roof-Section Burner 

Improved design for a new roof- 
section burner results in higher effi- 
ciency. A flatter flame pattern, with 
adjustable flame shape, permits low- 
ering of the roof without getting 
excessive flame impingement. Since 
this produces more uniform heat, a 
higher production rate is obtained. 
The 2-ft. square refractory mount- 


proving rings to measure any load 


compression 


Steel City offers two styles of proving rings which 
require no adjustment during use. The dial- 
indicator ring (illustrated) measures deflection 
in increments of 0.0001”. Applied load or force 
is determined from a calibration report furnished 
with each instrument*. With this type of ring, even 
an inexperienced operator can repeat readings 
as close as 1/10 of 1%. 


Optical-type proving rings, developed for the 
USAF, use a ruled scale and a high-powered 
microscope for readings in increments of 0.00002". 
Repeat readings as close as 1/20 of 1% can 
be achieved. 


Compression and tension models are available in 
either style, with capacities up to 200,000 Ib., all 
manufactured of special-alloy steel by experi- 
enced craftsmen. They are used for calibrating 
Brinell testers, testing machines and presses, and 
load cells, or for measuring applied loads. 


* National Bureau of Standards 
calibration report when desired. 


Write for literature, prices and 
name of nearest distributor. 


8811 Lyndon Ave., 
Circle 2097 on Page 48-B 
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Louisville Metal Treating Service reports: 


“Only one oil needed for both fast and slow 
quenching when it’s Gulf Super-Quench” 


Use of Gulf Super-Quench enabled Louisville 
Metal Treating Service to overcome difficulties 
which originally confined exclusive manufac- 
ture of these intricate rasp blades to Europe. 
A. V. Mudd, Superintendent, right, shows Earl 
Straub, Gulf Sales Engineer, clean surfaces 
achieved with Gulf Super-Quench. 


Tough jobs seem to have a way of 
becoming routine to Louisville Metal 
Treating Service, Louisville, Ken- 
tucky. Says A. V. Mudd, Superin- 
tendent, “One of the big things we 
have going for us on all jobs is a 
good, reliable quenching medium. 
We used to have two quenching oils 
—a fast quench for the Ipsen furnace 
and a slower quench for the open 
tank. Now, we quench everything in 
Gulf Super-Quench.” 

For example, a recent tough as- 
signment was carbonitriding an in- 
tricate rasp blade which had to be 


GULF OIL CORPORATION 


Dept. DM, Gulf Building, Pittsburgh 30, Pa. 
THINGS RUN BETTER! 


GULF MAKES 
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case hardened uniformly without 
distortion of either the body of the 
file or minute cutting edges. Because 
of superior initial quenching power 
through the hardening range and 
slow cooling in the final or distor- 
tion ranges, Gulf Super-Quench was 
considered to be a major factor in 
making this another routine job. 

Why not put Gulf Super-Quench 
to the test in your own heat treating 
operations? Just write us today for 
comprehensive literature, or call a 
Gulf Sales Engineer at your nearest 
Gulf office. 


} 


refiner scanning fixture is stationary; during melting the 
induction work coils move on a rugged carriage. A d.c. 
drive powers a threaded shaft which is continuously vari- 
able from 0.8 to 16 in. per hr. Return speed is continu- 
ously variable from 40 to 800 in. per hr. Each tube will 
accommodate a 30-in. long carbon boat. This fixture is 
used with a 10 or 25-kw. induction heating unit. 
For further information circle No. 1834 
on literature request card, p. 48-B 
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Fume and 


Cleaning and 
Finishing 
Polishing and Buffing Lathe 


Murray-Way Corp. is now 
offering a low-cost lathe for 
polishing, buffing, and de- 
burring. A top quality spin- 
dle, driven by multi-V-belt 
sheaves, runs in permanently 
lubricated bearings. Laby- 
rinth seals prevent dirt from 
entering the housing. Lathe 
» capacity is 10 to 20 hp. and 

arbors may be ordered in 1% 
to 2 in. diameters. 
For further information circle No. 1835 
on literature request card, p. 48-B 
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Automatic 


Chelating Cleaner m conjunc 

An alkaline electrocleaner with chelating action removes 
soil, smut, oxides, and light welding scale from steel parts. 
“Cleaner 808” of this sort can be used for ‘anodic cleaning 
of heavily soiled steel. Chelating agents contained will 
soften hard water, if it must be used. 


or platen. Sharply-contoured work can be polished since 
there is wide spacing between idler rolls. Belt length is 
132 in. with belt width and drive-motor horsepower 


For further information circle No. 1837 


The “Go- 
are an effective method for 
controlling undesirable fumes 


pickling operations. In plat- 
ing operations, these balls 


mal tank temperatures. In 
use, the balls nest tightly, 
forming a blanket which traps gas bubbles and reduces 
evaporation and heat loss. Cosom Engineering Corp. 

For further information circle No. 1838 


Welding and Joining 


Continuous submerged arc welds can be produced 
automatically with a self-propelled trackless carriage, used 


“Squirtmobile” travels at speeds from 7 to 70 ipm. on 
magnetized rollers which prevent slipping and allow out- 
of-position welding. Lincoln Electric Co. 


circle No. 1839 on literature request card, p. 48-B 


suit application. Divine Brothers Co. 


on literature request card, p. 48-B 


Mist Control 
Mist” balls shown 


in plating and 


terioration at nor- 


on literature request card, p. 48-B 


Submerged Arc Welding 


tion with an “ML-3 Squirt Welder.” The 


For further information 


The formulation produces a low, con- 
trolled foam blanket which mini- 
mizes spray and hydrogen gas 
explosions. Enthone, Inc. 

For further information circle No. 1836 
on literature request card, p. 48-B 


Contour Polisher 


An abrasive belt head unit, Model 
DLS, is especially designed for pol- 
ishing contours, but can also be 
used for flat work. The unit can 
perform both slack-belt operations 
and jobs requiring backing-up of the 
abrasive belt with a contact wheel 


tester takes specimens up to 


sure. The completely enclosed 
draulic system is directly drive 


gauge models are made. 


Write today for 
more information on 
ductility testing 


Check it with this 


This highly sensitive sheet metal 


thick, applies up to 30,000 Ibs. pres- 


an electric motor. Both one and two 


DETROIT TESTING 
MACHINE COMPANY 


Circle 2099 on Page 48-8 


By turning one control, this machine 
grips the specimen, tests it, and 
releases it. Gripping pressure in- 
creases in proportion to test pressure. 
The test is made in full view and the 
results are read from the gauges’ 
maximum indicator needles. 


Ye” 


hy- 
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STAINLESS | : STAINLESS STAINLES 
(STRAIGHT RIB) 


$TATNLESS 
(STRAIGHT FIN) 


4 


STAINLESS 
(HOLLOW-WALL) 


ALL OF THESE TUBES WERE PRODUCED 


(FINNED COPPER INSERT) 


(TANTALUM INSERT) 


STAINLESS STAINLESS 
(SPIRAL FIN) 


by a remarkable new process called FIO-ROL 


Tubes like these have never been economi- 
cally available before. The entirely new 
process, known as FLO-ROL, will produce a 
wide variety of internal configurations, in 
high cost alloys, stainless steel, and other 
hard-to-work metals, plus many bi-metal and 
tri-metal combinations. Wall tolerances for 
FLo-ROL tubing can be held to + .0005” and 
diameters to + .002” depending on sizes. 
@ Internally Finned Tubes offer increased 
surface for more rapid heat transfer. 
@ Bi-Metal Tubes—stainless steel tubes with 
tantalum, zirconium, or other expensive 
material offer exceptional corrosion-resis- 


tant qualities without the prohibitive cost. 
@ Hollow Wall Tubes or barrier tubes are 

available in several designs for nuclear 

work or other special applications where 

a chambered tube is essential or desirable. 
@ Thin Wall Tubes for pneumatic lines are 

available with .015” wall or lighter. 
FLO-ROL precision tubular products can be 
furnished from 14” to 214” 0.D. and, in some 
instances, in lengths up to 75’. For complete 
information contact your nearest Damascus 
representative or write direct. For prompt 
service send prints and specifications—we 
will be happy to work with you. 


TAMASCUS TUBE COMPANY 


STAINLESS STEEL TUBING AND PIPE 


Send fornew 
FLO-ROL 
PRECISION TUBE 
BULLETIN TODAY 


GREENVILLE, PENNSYLVANIA 
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CO, Magnetic Flux Welding 


In “Union Arc Welding”, high- 
quality welds are made at high 
speed and low cost with a bare steel 
wire as a consumable electrode. CO, 
shielding-gas carries a powdered flux 
to the torch nozzle. Welding is con- 
tinuous in steels up to ¥%-in. thick in 


one pass. The rubber-wheeled cart 
has a curved handle that pivots to a 
vertical position so the machine can 
be operated in a suspended position. 
Two basic torches are available —a 
pistol-type and a _ blowpipe-type 
torch (illustrated). Linde Co. 

For further information circle No. 1840 

on literature request card, p. 48-B 


Splice Welder 
Designed for high-speed precision 


splicing of honey-comb core mate- 
rials, this machine can average 12 to 
15 welds per sec. with its power- 
operated tweezer head. The weld 
pulse is automatically controlled, 
with transistors being used almost 


exclusively in the electronic gear. 
Node welds in material ranging in 
thickness from 0.001 in. to 0.010 in. 
are possible. Electrical require- 
ments: 230 volts, 60 cycle, single 
phase, and an average current of 15 
amp. (peak current, 50 amp.). 
Hexcel Products, Inc. 

Circle No. 1841 on request card, p. 48-B 


Atmosphere Induction Brazing 


Lepel High Frequency Labora- 
tories, Inc., has introduced equip- 
ment for brazing metal assemblies 
by induction heating under a con- 


trolled atmosphere within glass bell 
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GAS-FIRED FURNACE 


SAFETY PILOT 


A PRODUCT OF JANITROL HEATING 


4 AND AIR CONDITIONING, 

SS A DIVISION OF MIDLAND-ROSS CORP. 


COLUMBUS 16, OHIO 
When Janitrol designed the new J-LINE gas-fired counter-flow furnaces 
for basementiess h , they aimed at producing equipment to meet 
the highest contemporary standards for performance, economy and 
dependability. Precision-built throughout, the J-LINE models feature 
slim-trim styling, compactness, factory fire-testing, ‘deep well reser- 
voir’ pre-lubricated sintered bronze bearings for blowers, safe, 
sure, positive controls, acoustical insulation and, of course, a new 
safety pilot incorporating Chace Thermostatic Bimetal. The action 
of this sensitive bimetal element prevents the flow of gas to the 
pilot and the main burners should the pilot light be extinguished. 


Here again is an example of precision control making an appliance 
so thoroughly safe that it is installed without hesitation by hundreds 
of thousands of contractors and home owners, usually close to the 
center of the living area itself. Janitrol buyers know that gas is the 
cleanest and safest of fuels because of Janitrol’s specialized skill 
and experience in building home comfort equipment to highest 
quality standards for over half a century. Chace, too, has con- 
centrated for over a third of a century on the development and 
manufacture of one outstanding product, precision thermostatic 
bimetal for thousands of applications — temperature control and indi- 
cation and equipment protection. That’s why Chace customers know 
their names are safe on the “outside” with Chace bimetal “inside.” 


If your new product is approaching the design stage, send for 
“Successful Applications of Chace Thermostatic Bimetal.”’ It contains 
illustrations and design data on more than 30 types. Remember, 


too, Chace bimetal is available in strips, coils and in completely 
fabricated elements of your design. 


W. M. CHACE CO. 
Thermostatic Bimelal 


1626 BEARD AVE., DETROIT 9, MICH. 
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See why Armco 17-4 PH Stainless Steel is ideal 
for valve and pump parts, shafts, and fasteners 


New steels are 
born at 


Excellent mechanical properties, corrosion resistance, 
and ease of fabrication make Armco 17-4 PH* Stainless 
Steel bars and wire highly economical for fasteners, 
shafts, valves, and pumps operating under severe condi- 
tions. This special grade is one of a family of Armco 
Precipitation Hardening Stainless Steels developed to 
meet today’s more exacting needs. 


EXCELLENT MECHANICAL PROPERTIES 


The following data show the superior properties of 17-4 
PH bars at room temperature. Except for slight varia- 
tions in elongation, data apply to large and small sec- 
tions. Most important, the properties of Armco 17-4 
PH are good at elevated and sub-zero temperatures. Parts 
made of 17-4 PH also resist galling and seizing. 
*Trademark 


TYPICAL ROOM TEMPERATURE PROPERTIES 
17-4 PH—Type 410—Type 302 


17-4 PH Type 410 Type 302 
Bars* Bars** Bars*** 


200,000 180,000 125,000 


UTS, psi 
0.2% YS, psi 
tension 185,000 
compression 178,000 _ 
Elong. in 2”, % 14 15 
Red. of Area, % 50 55 
Hardness 
Rockwell C44 
Brinell 420 
Endurance Limit, psi 
10 million cycles 90,000 
100 million cycles 80,000 —— 


*Cond. H900 (Mill-supplied Cond. A material hardened at 900 F 1 to 4 hours 
and air-cooled.) 

**Heat-treated at 1800 and 600 F 

***Cold-drawn, high-tensile 


140,000 


CORROSION RESISTANCE 

Comparative tests in industrial and marine atmospheres 
show that corrosion resistance of Armco 17-4 PH is 
superior to that of hardenable stainless steels and ap- 
proximates that of Types 302 and 304. Tests and service 
also indicate high corrosion-fatigue strength and in the 
over-aged condition, resistance to stress-corrosion crack- 
ing. Because it is both corrosion-resistant and extremely 
strong, it has been used frequently to replace chromium 
and chromium-nickel stainless steels, and in some in- 
stances has served better than highly-alloyed materials. 


FABRICATION 


Finish-machining on Armco 17-4 PH bars may be done 
before heat treatment because the low hardening tem- 
perature (900 F) does not cause scaling, distortion, 
or hardening cracks. If special corrosion resistant and 
mechanical properties are needed, they can be obtained 
by varying the precipitation-hardening treatment. Armco 
17-4 PH can also be welded, forged, and cast. 


SEND COUPON FOR DATA 


ARMCO STEEL CORPORATION 
1910 Curtis Street, Middletown, Ohio 


Send your catalog on Armco Precipitation-Hardening Stainless 
Steels. 


Title 


ARMCO STEEL 


Armco Division + Sheffield Division * The National Supply Company * Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation * Union Wire Rope Corporation 


Circle 2102 on Page 48-B 


METAL PROGRESS. 


if 
ae 
Pa 
we 
a | 
A 
; 
b 
| r 
| 
| 
28 


Precision Welding Device 


A precision device, compact enough 
to be installed in a standard dry-box 
in which electronic components are 
to be assembled, is rated at 2700 watt- 
seconds (d.c.) or 50 kva. (a.c.). With 
proper electrical control, low welding 
currents and electrode pressures result 
in consistent welding performance 


Magnetic Particles in Spray Cans 


Inspection materials are now avail- 
able in pressurized spray cans and 
plastic squeeze bottles and can be 
used with any magnetic particle 
equipment already in use. Testing in 
the field is faster and testing of com- 
plex-shaped parts in large tanks is 
easier. They eliminate previous bulky 
containers and the problems of mixing 


Direct-Reading Brinell Tester 


. For further information circle No. 1843 on literature request card, p. 48-B 


Inspection and Control Equipment 


The direct-reading “Air-O-Brinell” hardness 


jars, raised and lowered between ver- 
tical guides. Proper atmospheres will 
eliminate any need for a flux and 
produce sound joints, difficult to 
achieve with normal brazing tech- 
niques. Copper alloys, steels, and 
stainless steels have been joined on a 
production basis with this equipment 
and rapid changeover from one job 
to another is a feature, since the heat- 
ing station is easily detachable. 

For further information circle No. 1842 
on literature request card, p. 48-B 


even when joining tiny miniature 
parts. An electronic timer, which can 
be remotely located, provides this 
necessary precise control. Welding 
action is initiated by foot or palm 
switches, by punched card or by any 
other automatic programming. Ray- 
theon Co. 


to formula or of filling application 
devices, and also reduce the setup 
time needed to inspect complex parts. 
“No. 14M _ Fluorescent Magnaglo 
Bath” and “No. 9BM Magnaflux 
Bath” are offered in 12 oz. pressure 
spray cans. The “No. 1 Gray Powder” 
is available in a plastic squeeze-bottle 
dispenser. Magnaflux Corp. 


For further information circle No. 1844 on literature request card, p. 48-B 


testing machine incorporates foolproof load appli- 
cation for accurate production-line inspection. 
Positive load application is assured, since the gage 
shows the exact pressure that will be applied 
before the test is made. The machine is calibrated 
for standard Brinell loads of 500, 1000, 1500, 
2000, and 3000 kilograms and operates on a 
small air supply — % cu.ft. per min. at pressures 
above 65 psi. Accidental overloading is impos- 
sible. The hardness range of the direct-reading 
gage is determined by the customer's require- 
ments. Tinius Olsen Testing Machine Co. 
For further information circle No. 1845 
on literature request card, p. 48-B 


High-Temperature Thermocouples 


Recent advances in space technol- 
ogy have required the measurement 
of temperatures considerably above 
3000° F., the maximum temperature 
which highly resistant, conventional 
thermocouples can withstand. Two 
relatively new types of thermocouples 
— rhodium-iridium/iridium and tung- 
sten/rhenium —can be used above 
3000° F. The rhodium-iridium/ 
iridium thermocouple is reliable to 
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For further information circle No. 1846 on literature request card, p. 48-B 


3600° F. in vacuum, inert, or oxidiz- 
ing atmospheres. This is 600 degrees 
beyond the practical limit for plat- 
inum-based thermoelectric materials. 
The tungsten/rhenium pair is stable in 
reducing atmospheres up to 4000° F. 
which is 1600 degrees beyond the 
limit for a chromel/alumel thermo- 
couple. Brown Instruments Div., 
Minneapolis-Honeywell Regulator Co. 


Nout you have 
formulated to fit the needs of your own 

Particular product, cleaning equipment 

and operating conditions. 


The flexibility of our process of making 
it’s ours exclusively . . . 
new techniques and specialized equipment new to 
_ the metal abrasive industry enable us to moke 
: the type of “Malleabrasive” that 
3 will do your cleaning job best. 


4 


If you are interested in pin- 
i Pointing maximum cleaning 

efficiency and lowest 

; blast-cleaning costs in your 
plant, “Malleabrasive”— 
tailor made for you—will do 


both. Write for full information. 


THE GLOBE STEEL ABRASIVE CO, 


Mansfield, Ohie 


Sold by many leoding distrib of foundry 
supplies from coast te coast. 
Circle 2103 on Page 48-8 
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IF you want to HEA T metal.... 


(melting, forging, brazing, sintering or 
treating)... . ferrous, nonferrous or 
exotic.... Whether your parts travel 


one at a times in batches 


in a straight air atmosphere.... or 
in a protective atmosphere |i 


ora an upgrading atmosphere 
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AND if you want 

the economy of standard equipment 

the least costly fuels... cr — 


PLUS known production rates and 


pre-rated operating costs 


WHAT DO YOU NEED? (pit, pot, box, 


link, muffle, tube, snap or lab furnace) 


SURFACE MAKES IT! 


Write for Bulletin SC-175. Surface Combustion, 2377 Dorr St., Toledo 1, Ohio. 
In Canada: Surface Industrial Furnaces Ltd., Toronto, Ontario. 


A division of Midland-Ross Corporation 
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new! 
ANSCO SUPERPA 


for the first time, a new x-ray film packaging that saves 


time and lowers costs at no sacrifice in quality. 


Interrupting operations to open small quantities of X-ray film? 
Handling many small packages and wrappings? Never again with Ansco 
SUPERPAK. New Ansco SUPERPAK® is the modern way to increase 

your efficiency through 600 non-interleaved sheet or 300 interleaved 
sheet packages of Superay ‘A’ or Superay ‘B’. 

Whenever the storage bins (SUPERPAK fits standard 

film storage bins) need refilling, pause for a aes A nsco Fg 
moment to open SUPERPAK, work on until the job 

is completed without further interruptions. Just 

think of the savings in man-hours and money through 

this new, sensible method of packaging. 


From every point of view; money, time and general efficiency . . . 

it makes sense to use SUPERPAK. Ansco, Binghamton, N. Y., A Division of 
General Aniline and Film Corporation, Manufacturer of World Famous 
Superay X-ray Films. 
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the Marder you fight 
to beat production records 
the more you need 

ultra-smooth running... 


® 


brass-copper.aiuminum 


MILL PRODUCTS 


Scovill Manufacturing Company, Mill Products Division, 99 Mill St., Waterbury 20, Conn. 
Phone PLaza 4-1171 
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‘ SCOVILL 


® 


More uniformly sound metal — Scovill’s unique CON- Se 
TINUOUS BAR CASTING machine handles 30,000 lbs. of Rech: 
molten alloy per hour, but metal from the melting furnaces 4% 


does not go directly into the casting mold. A 9000-lb. reservoir 
of the liquid alloy tends to “blend” out any possible variations 
remaining in the already precisely-controlled melt. 

In addition, the controlled and uniform conditions under which 
the continuous-casting takes place are conducive to exceptional 
uniformity in cast metal structure. Such uniformity in the 
cast bar or billet remains with the metal right through to the 
finished mill products. 


what More uniformly dimensioned mill products— Scovill’s 
up-to-the-minute mill equipment and procedures, with tight 
quality control at every step, assure fabricators the close toler- 
Scovill ances that high-speed production machinery MUST have... 
uniform thickness of sheet and strip, uniform O. D. of rod and 

wire, uniform diameter and wall thickness of tube. Close mill Ee 

is doin tolerances also apply to widths, straightness and surface con- 5 
g dition of the metal. geet 


More uniform finishes...color...working qualities— 


tO Give YOu Great strides have been taken in recent years to give fab- 
ricators mill products with inherent qualities that help reduce 
additional finishing costs. Scovill mill finishes are superior and 
metals that uniformly maintained order after order ... lot after lot... A 
an important aid in maintaining your own controlled-quality aw 
can oO tr standards at minimum unit cost. 
un Longer continuous runs — Recent advances in Continuous 
Casting and subsequent mill production processes now permit 
modern Scovill to offer the industry’s longest coils of brass strip and 
sheet for high-speed press runs. Equivalent extra-long-run coils 


are also available in TRUSPEC Aluminum sheet. Recent Mill 


} ma cn j nes production advances permit longer lengths in other mill products 
where required. 


Hi Technical services — Scovill Metals Research and our ex- 

tensive experience can be tremendously valuable to fabricators 
looking for NEW ways to advance competitively. It will pay to 
make Scovill service a part of your team. 


 €COVILL MANUFACTURING COMPANY 
Mill Products Division, 99 Mill St., Waterbury 20, Conn., Phone Plaza 4-1171 
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Precision soldering 


IMAC 
Faste 


SOLDER RING 


When G. M. Giannini and Co., Inc., Pasadena, pays you to investigate TOCCO as an economical 
California, switched from old-fashioned methods to way to do it better, faster and at lower cost. 
TOCCO Induction Heating they increased produc- 

tion of these high-precision accelerometers from 4 

to 30 per hour—with a commensurate decrease in 

production costs. 


Here’s what a Giannini official has to say about the 
TOCCO installation: “Prior to using TOCCO for THE OHIO CRANKSHAFT COMPANY 
this purpose, we had tried soldering irons, normal as Ms 
sealing, and screw Mail Coupon Today— NEW FREE Bulletin 
The Ohie Crankshaft Co. Dept.R-6, Cleveland 5, Ohie 
fittings, with uniformly poor results. Essentially, the Please send copy of “Typical Results of TOCCO Induction Brazing 
TOCCO unit has permitted us to build, in produc- and Soldering”. 
tion quantities, oil-filled hermetically sealed units Name 
that could not be produced in any other way.” 


Position 
Cc 
Address 


Whether your production bottleneck involves solder- 
ing, brazing, heat treating or heating for forming it 
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Cincinnati 30-KW/10-KC Motor-Generator Inductron 
Heating Machine tooled to progressively fuse ceramic 
frit coating to the |IDand OD of varying lengths of black iron pipe. 


Cincinnati’s Heat Engineers . . . builders of Flamatic® flame 
heating machines and Inductron® radio frequency induction heating 


machines . . . now introduce their new Motor-Generator Inductron 
with “building block’’ design! 
Cincinnati components . . . control station . . . heat-quench 


station . . . motor generator . . . fitted base . . . are quickly combined 
into a custom-built Inductron that will meet your heating require- 
ments exactly. ‘‘Building block’”’ design insures fast machine delivery 
... facilitates quick changes in the field when your applications change. 

Add to this skillful work-handling tooling, designed and built 
by Cincinnati, that will deliver precision results on part after part, 
and at speeds that meet or exceed your production rate expectations. 
a These water-cooled, vertical motor-generator units are avail- 
ne able in the following KW/KC ratings: 


175-KW to 350-KW at 1-KC 
15-KW to 300-KW at 3-KC 
to 250-KW at 10-KC 


A 4.2-KC unit can also be furnished in 30, 50, and 100-KW 1 
outputs. For detailed information on new Cincinnati Motor-Generator ae 

Inductron machines, write now for new Catalog No. M-2144, or call 
in a Meta-Dynamics Division field engineer. 


inductron 
flamatic 

hardening machine 
META-DYNAMICS DIVISION 


Machines for Metal Forming and Heat Treating 
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1850. Welding Electrodes 


Airco’s Electrode Pocket Guide 
(Catalog 1318) contains general 
rules for selecting electrodes and 
proving their performance, de- 
tailed information on nature and 
recommended uses of nearly 100 
electrode types, tables showing 
conformance to widely used speci- 


fications, specific recommenda- 
tions for welding A.S.T.M. steels 
and popular trade-named steels, 
and rough correspondence with 
electrodes from other American 
manufacturers. Air Reduction 
Sales Co. 


Ferrous Metals 


1851. Stainless Steels 

The Vanadium Corp. of America has 
made available a brochure entitled “The 
Stainless Steels” recounting the complete 
history of stainless steel development. 


1852. Electric Furnace Steel 

“New Products and Facilities” catalog 
discusses electric furnace, bearing-quality 
steels for a wide range of applications. 
Aristoloy Steel Div. 


1853. Stainless Steel 

Data from Armco Steel on advantages of 
precipitation hardening stainless wire 
springs for severe service environments. 


1854. Corrosion Literature 

“A Theory of the Mechanism of Rusting 
of Low-Alloy Steel in the Atmosphere” is 
available from International Nickel Co. 


1855. “Vac-Arc” Steels 

Consumable electrode vacuum melted 
steels possess superior cleanliness, lower 
gas content, and desirable mechanical 
properties. Literature available. Latrobe 
Steel Co. 


1856. Low Alloy Steels 

“N-A-XTRA” high strength steel triples 
truck life. Literature giving details on 
this and other applications from Great 
Lakes Steel Corp. 


1857. Vacuum-Melted Metals 

Information on Republic Steel’s vacu- 
um-melted alloy steels and titanium. 
Forms available: ingots, billets, sheets, 
bar, strip, and wire. 
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1858. Steel Bars 
Bulletin from LaSalle Steel Co. outlines 
applications for “Stressproof” steel bars. 
eat treating is not required. 


1859. “Quick Facts About Alloy 


Steels” 
This is the title of a booklet published 
by Bethlehem Steel Co. on the funda- 
mentals of alloy steel metallurgy. 


1860. Spring Steels 
“Physical Property Charts” give per- 
formance characteristics of cold rolled 
ring and specialty steels. Wallace 
Sorat Steel Div. 


1861. Strip Steel 

Flyer presents quick facts about Supe- 
rior Steel Div.’s special strip steels and 
plant facilities. 
1862. Alloy Steels 

18-p. brochure from Timken Roller 
Bearing Co. describes alloy, stainless 
graphitic tool steel mill products and 
seamless tubing. 


Nonferrous Metals 


1863. Hydro-T-Metal 

Flyer discusses improved properties and 
advantages of zinc-copper-titanium alloy 
over zinc for metalworking applications. 
Whitehead Metals, Inc. 


1864. Copper Casting Alloys 

16-p. booklet presents technical data on 
“Promet” alloys, bearings, bushings, bab- 
bitt metal, as well as a and 
properties of brass and bronze casting 
alloys. American Crucible Products Co. 


1865. Aluminum Applications 

12-p. technical report from Harvey 
Aluminum; range of shapes, sizes and al- 
loys available in pig, ingot, billet, and 
mill products. Also includes metallur- 
gical tables and design information. 


1866. Rare-Earth Elements 
Vitro Chemical Co. has issued an 8-p. 
ae on the rare-earth elements. 
ese are important in missile i 
ment, ceramics, and atomic energy appli- 
cations. 


1867. Molybdenum Alloys 
Properties, applications, sizes, forms, 
tolerances, weights, and identification of 
molybdenum-base alloys are discussed in 
Climax Molybdenum’s 24-p. booklet. 


1868. Aluminum Alloys 

The properties, fabrication characteris- 
tics, and economic advantages of a wide 
mill are presented in 
24-p. klet. Olin Mathieson Chemical 
Corp. 
1869. Tin Applications 

Rubber tin—new tinplate—nonspatter- 


ing flux. Technical data on these items 
available from Malayan Tin Bureau. 


1870. Impact Extrusions 

34-p. brochure from Alcoa outlines ad- 
vantages and applications of aluminum 
impact extrusions. Aluminum Co. of 
America 


1871. Capes Alloys 

Two publications on new, unconven- 
tional alloys from American Metal Cli- 
maz, Inc.—“Amzire”, a high conductivity 
alloy and “Amsulf”, a free-machining 
alloy. 
1872. Cu-Ni-Si Alloy 

“Cunisil” is a copper-nickel-silicon al- 
loy which exhibits the high strength and 
corrosion resistance of silicon bronze 
or “Everdur.” Applications in electrical 
equipment field. American Brass Co. 


Heat and Corrosion 
Resistant Materials 


1873. Machinable Carbides 

Properties of two stainless steel-bonded 
carbides are tabulated in Bulletin 60 from 
Sintercast Div. For applications requir- 
ing unusual corrosion resistance, high- 
temperature strength, or abrasion resist- 
ance. 


1874. Aero/Space Newsletter 

This is the title of a bi-monthly publi- 
cation by Electric Autolite Co. devoted 
to introducing their new products, such 
as ceramic and nuclear energy compo- 
nents. 


1875. Graphite 

Detailed data on the mechanical, chem- 
ical, and electrical properties of carbon 
and graphite are presented in 8-p. bro- 
chure by Speer Carbon Co. Also included 
are machining techniques and produdtion 
applications. 


1877. Haynes Alloys 

104-p. book on “Haynes” alloys, their 
properties, forms, and corrosion resist- 
ance—published by Haynes Stellite Co. 


1878. Thermal Fatigue 
Report entitled “Mechanism of Ther- 
mal Fatigue” by H. : Avery will be sent 


by Electro-Alloys Div. 
1879. Refractory Materials 


Informative presentation on refra 
materials and their capabilities can help 
in new , ar or product development. 
Norton Co. 


1880. Zirconium Oxide 

Technical literature may be obtained 
on zirconium oxide and high temperature 
refractory shapes for tubes, wash coat- 
ings, heat shields, nozzles, and crucibles. 
Zirconium Corp. of America 


1881. High Alloy Castings 

Corrosion, heat, and abrasion resistant 
applications for “Q-alloys” and “X-ite” 
are presented in Bulletin 501 from Gen- 
eral Alloys Co. 


Tool Materials 
1882. Thin-Film Coatings 


Dry lubrication, chemical and corrosion 
resistance, temperature stability, and 
anti-stick — of fluorocarbon 
coatings, silicones, and epoxy resins are 
discussed in 12-p. brochure from National 
Glaco Chemical Corp. 
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CYANANMID 
— - Eliminate scaling and decarburization 


in heat treating, without special atmospheres — through the use of salt baths. Use AEROHEAT® 
heat treating salts for uniform, economical results in electric, gas or oil fired furnaces. For further 


information about Cyanamid chemicals for the metal industry or technical assistance, mail coupon. 


CYANAMID CHEMICALS FOR THE METAL INDUSTRY 
American Cy id Company 


HEAT TREATING SALTS: AEROHEAT 1700 1800°F to 2400°F; AEROHEAT ome Rae 
1400 1650°F to 2150°F; AEROHEAT 1000 1050°F to 1850°F; AEROHEAT 30 Rockefeller Plaza, N.Y. 20, N.Y. 
1200 1300°F to 1600°F; AEROHEAT 400 450°F to 1100°F; AEROHEAT 300 
325°F to 1100°F; Nitriding Salt 900°F to 1150°F. C) Cyanamid Salt Baths 
CARBURIZING AND CASE HARDENING COMPOUNDS: AEROCARB® E and (] Other Cyanamid Metal Chemicals 
W, A and B Case depths .005” to .045”, S and R, D Case depths .005” to 
.150”; AEROCASE® 28 and 510 Case depths .005” to .050”. 
OTHER CYANAMID METAL CHEMICALS: AEROMET® metallurgical additives 
for nitrogen addition to and desulfurization of ferrous metals; AEROSOL ® 

surface active agents; metallic stearates; acids and other heavy chemicals. 


AMERICAN CYANAMID COMPANY 


PROCESS CHEMICALS DEPARTMENT « 30 Rockefeller Plaza, New York 20,N.Y. 
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1883. Diamond Grinding Wheels 
Simonds Abrasive Co. has issued an 
illustrated catalog which reviews operat- 
ing data, and makes recommendations 
concerning the optimum grain and grade 
to specify. 
1884. Toolsteel 
Illustrated pamphlet from Uddeholm 
Co. on a hot work toolsteel for severe 
applications. “UHB Calmax” is recom- 
mended for working copper, brass, and 
similar high-melting alloys. 


1885. Die-Saver Switch 

Protect dies—reduce rejects—increase 
production. Folder from Robotron Corp. 
reveals operation of electronic proximity 
switch for die presses. 


1886. Colloidal Graphite 


Acheson Colloids Co. offers informa- 
tion on the application of “Dag” disper- 
sions as lubricants, parting agents, and 
cutting fluids. 


1887. Abrasive Saws 


Complete line of circular abrasive saws 
are described in catalog issued by Wal- 
lace Supplies Mfg. Co. 


1888. Power Saws 


Complete data on new line of DoALL 
power saws is contained in a 12-p. color 
catalog. Mitering and angular, as well as 
straight cut-off work is possible. 


1889. Abrasive Blades 

Information available on long-wearing, 
break-resistant abrasive blades for cut- 
ting masonry. Eveready Briksaw Co. 


1890. Arc Cuttin 


Literature from Arcair Co. tells about 
copperclad carbon-graphite electrodes 
and other coated-metal electrodes for 
metal-removal torches. Operating data 
also given. 


1891. Drawing Compounds 

A pamphlet discussing dry compounds 
for steel wire drawing is available from 
Napco Chemical Co. 


1892. Rotary Slitters 


The Yoder Co. has issued an 80-p. “Slit- 
ter Manual” which presents the many 
advantages of engineered slitter installa- 
tions. 


1893. Tool and Die Steels 

12-p. brochure contains full information 
on “Lo-Air” tool and die steel for low 
distortion and good machinability. Uni- 
versal Cyclops Steel Corp. 


1894. “Moly” Lubricant 


“Molykote G” prevents galling and 
seizing when used with most bearin 
metal combinations. Free sample an 
brochure available. Alpha-Molykote Corp. 


1895. Carbide Alloys 

Kennametal hard carbide alloys possess 
high hardness, high strength, and resist- 
ance to abrasion, corrosion, and high tem- 
perature. Booklet B111A. 
1896. “Minigrind” Wheels 

These miniature grinding wheels, made 
as small as 0.036 in. diam. and as thin as 
0.016 in., are used in precision miniature- 
bearing manufacture. Information from 
Norton Co. 


Industrial Heating 


1897. Thermocouple Assemblies 

40-p. illustrated catalog (G100-1) pre- 
sents over 100 complete thermocouple as- 
sembles in detail including specifications, 
prices, and ordering information. Minne- 
apolis Honeywell Regulator Co. 


1898. Flame Detector 

Bulletin 95-2776 by Minneapolis-Honey- 
well covers “Ultra-Vision” flame detector 
which distinguishes flame from red-hot 
refractory, carbon, or work. 
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echanized 
drop forging 
will change 
your future! 


The cost-cutting advantages of the auto- 

matic production of forgings in closed 
dies will enable 
drop forgers to 
produce more 
efficiently and 
more competi- 
tively than ever 
before. 


f 


MATIC 


CHAMBERSBURG 


DESIGNERS AND MANUFACTURERS OF THE IMPACTER 


Whin its a vital pant, deciqn it to be 
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Metallurgical Memo from General Electric 


G-E Vacuum-Melted Alloys 
Now Conquer 
Wide-Gap Brazing Barriers 


Wide-gap brazing alloy is applied to turbine nozzle assembly. Vanes are tack-welded in position prior to brazing. 


New G-E Wide-Gap Brazing Alloys offer: 


* New brazing techniques ® Improved erosion characteristics 

* Bridging of joint clearance up to .060 in. © Solution to many problems of distortion and 
e Faster, more simplified job fabrication stress relieving associated with fabrication 
. by welding 


Extreme cleanliness provided by induction 


vacuum melting Lower manufacturing cost 


Looking for new methods of fabricating high-temperature metals? 
Nothing can equal G-E vacuum-melted brazing alloy powders for 
critical applications. All provide the ultimate in exacting chemical 
control and extreme cleanliness which air-melted alloys cannot 
match. 

Now this latest G-E brazing “breakthrough” of wide-gap alloys 
extends the use of brazing to a new, wider scope of joining 
applications. 

Get all the facts about G-E vacuum-melted brazing alloys as a 
short-cut to lower cost manufacturing methods. Write: Metal- 
lurgical Products Department of General Electric Company, 
11113 E. 8 Mile Avenue, Detroit 32, Michigan. 


METALLURGICAL PRODUCTS DEPARTMENT 


G E N E 4 A L 36) E LE C T 4 | C Insert shows vanes completely brazed in spite of gaps. 


Stains around perimeter of brazes are from stopoffs. 


CARBOLOY® CEMENTED CARBIDES * MAN-MADE DIAMONDS « MAGNETIC MATERIALS * THERMISTORS ¢ THYRITE® © VACUUM-MELTED ALLOYS 
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1899. Industrial Furnaces 


Sunbeam Equipment Corp. offers a bul- 
letin covering full line of industrial fur- 
naces. Special equipment selection guide 
is featured. 


1900. Muffle Furnace 

Leaflet from Lindberg Engineering Co. 
describes full muffle, hydrogen atmos- 
phere, hand pusher furnaces for bright 
ardening and annealing of stainless 
steels and other high-alloy materials. 


1901. Indicating Crayons 

Data sheet issued by Tempil Corp. con- 
tains list of temperature-indicating cray- 
ons—Tempilstiks°—and discusses unusual 
applications. 


1902. Heat Treating Equipment 

24-p. Catalog 60 sets forth details of 
baskets, trays, fixtures, retorts, carburiz- 
ing boxes, salt pots and furnace parts. 
Stanwood Corp. 


1903. Portable Potentiometers 
Advantages of portable temperature po- 
tentiometers for making accurate tem- 
paaree or millivolt measurements set 
orth in a Leeds & Northrup data sheet. 


1904. Range Conversion 

A new 4-p. data sheet, “Speedomax H- 
Range Conversion”, provides a guide for 
selecting components — svale, 
chart, circuit panel—to change the range 
of temperature recorders. Leeds and 
Northrup Co. 


1905. Induction Heating Unit 

C. I. Hayes’ Bulletin 5910 describes a 
high-frequency induction heater for rapid 
and selective treatment, all contained in 
a single cubicle. Can be installed in pro- 
duction lines. 


1906. Endothermic Generator 

Bulletin 5808A gives the facts about 
s IGL” generators for accurate pro- 
duction of atmospheres of selected carbon 
potential, “carbon pressure” and low 
dewpoint. C. I. Hayes 


1907. Neutral Hardening Baths 

Case histories showing advantages of 
salt baths for hardening or martempering 
high alloy steels with vanishing distor- 
tion. Ajax Electric Co. 


1908. Ovens 

Custom designed ovens, batch and con- 
veyer types, operating up to 1000°F. pre- 
sented in Bulletin 157 by Young Bros. Co. 


1909. Furnace Equipment 

Processing and heat treating equipment, 
including smooth-walled radiant tubes 
for longer life, described in booklet from 
Pressed Steel Co. 


1910. Protection Tubes 

Can you use an impervious alumina 
tube for high temperature service to 
3540°F? Investigate Morganite protection 
tubes and crucibles. 


1911. Cast Tubing 

Centrifugally cast “Duraloy” tubes were 
used in immersion-t radiant heater. 
More information in Bulletin 3150G. Dur- 
aloy Co. 


1912. Furnaces 

All types of gas-fired heat treating and 
melting furnaces are discussed in Catalog 
106-A from Ajax Electric Co. 


1913. Laboratory Furnaces 

Marshall Products Co. offers a complete 
range of tubular, resistance-wound fur- 
naces, vacuum furnaces 
for testing to Pw. 


1914. Gas Generators 


Information on packaged gas generator 

stems for CO,, nitrogen, hydrogen, re- 

ucing and annealing gases. Gas Atmos- 
pheres, Inc. 


1915. Optical Pyrometer 


“Pyro” optical pyrometer instantly 
measures temperature of minute spots, 
fast moving objects, and small streams. 
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Stock ranges: 1400 to 7500°F. Pyrometer 
Instrument Co. 


1916. Thermocouple Wire 

Bulletin 32WS-16 describes complete 
line of thermocouple wire, including me- 
tallic armor overbraid for chemical and 
abrasion protection. Thermo Electric Co. 


1917. Industrial Blowers 

Catalog 126B presents specifications on 
Spencer Turbine Co. blowers in capaci- 
ties up to 1000 hp., 20,000 cfm., and 10 psi. 


1918. Heat Processing Equipment 
Sunbeam Equipment Corp. has infor- 

mation on all types of furnace equipment, 

from wide range ovens to roller hearths. 


1919. Surface Pyrometer 

Any surface temperature can be read 
with the “Alnor Pyrocon”. Full details in 
Bulletin 4257 from Alnor Co. 


1920. Refrigeration Cabinets 

Low-temperature cabinets (to —140°F.) 
are available for research, storage, and 
testing—from Revco Inc. 


1921. Pyrometers 


Data on pyrometers, controls, and ac- 
cessories has been issued by Bristol Co. 


1922. Furnace Insulation 

12-p. design and data brochure, IN- 
190A, suggests applications and gives per- 
formance data on insulation materials. 
Johns-Manville. 


1923. Annealing Furnace 

Bulletin SC-182 describes high speed, 
high volume air circulation featured in 
the “Power Convection” furnace. Surface 
Combustion Corp. 


1924. Strand Annealing 

For bright annealing stainless wire, 12- 
tube continuous furnace is offered by 
Drever Co. Capacity: 85 lb. per hr. Speed 
range: 50 to ft. per min. 


1925. Oil Quenching Systems 
Accurate control of quench tank con- 

ditions is obtained using automatic oil- 

cooling systems from Bell & Gossett Co. 


1926. Pusher Furnaces 

Bulletin P-59 from Ipsen Industries, Inc. 
covers pusher-type furnaces for carburiz- 
ing, hardening, sintering, annealing, 
brazing. 


1927. Induction Heating 

56-p. catalog includes specifications on 
induction heating equipment for harden- 
ing, brazing, soldering, forging, annealing, 
melting, sintering, welding, and shrink 
fitting. Induction Heating Corp. 


1928. Hardening Furnaces 

Hevi-Duty hardening furnace for tools 
and dies produces no scale, oxidation, or 
distortion. Bulletin 653. 


1929. Billet Heating 

Aluminum billet heating furnace of the 
continuous conveyor type. Heats 2500 Ib. 
of billets per hr. to 1000°F. Carl Mayer 
Corp. 


1930. Elevator Furnaces 

Electric elevator furnaces for stress re- 
lieving and annealing are explained in 
bulletin GED-4092 from General Electric. 


1931. Tube Furnaces 

Investigate advanced desi for fast 
determination of carbon and sulfur 
all ferrous metals. Bulletin 310, Burrell 
Corp. 


1932. Induction Heating 


“Tocco” induction heating of me for 
ane presented in illustrated brochure 
from Ohio Crankshaft Co. 


1933. Melting Furnaces 

Die casting efficiency is increased when 
two-chamber induction melting furnace 
with automatic ladling is used. Lindberg 
Engineering Co. 


KENTRALL 


HARDNESS 


TESTERS 
are 
Motorized 


By removing major test loads automatically, the new motorized 
Kentralls reduce operator error, increase reproducibility of test 
results, and raise the productive capacity of the machine—for the 


same price as hand operated testers. 


The motorized Kentralls are available in Combination Testers 
which provide both Regular and Superficial Rockwell Hardness 
Testing in a single machine. For those applications that do not 
require the additional range, Kentrall also makes single 
purpose testers for either Regular or Superficial testing alone. 


For complete information write for Bulletin CRS 6O 


KENTRAL 


THE TORSION BALANCE COMPANY 


Main Office and Factory: Clifton, New Jersey 
Sales Offices: Chicago, San Francisco 
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HAYNES 
Alloys 


will do 
the job! 


‘we years’ operation at temperatures ranging 

from 1450 deg. F. to 2040 deg. F.! That’s the rec- 

ord of a tray made of HasTELLoy alloy X, used 

for holding parts in a heat-treating furnace dur- . 

ing hardening, gas carburizing, or gas carbo- 

nitriding. After the heat-treating cycle, parts are 
plunged into an oil quench—still in the tough tray. 

If you are looking for a metal for machinery parts that have 
to withstand heat, corrosion, wear—investigate HAYNEs alloys. 
There are more than 15 to choose from, including HAYNEs 
STELLITE cobalt-base alloys, HAYNEs iron-base alloys, HAYSTEL- 
LITE cast tungsten carbide, and HasTeL.Loy nickel-base alloys. 
They are available as castings, forgings, completely fabricated 
parts, or as sheet and bar stock. All parts can be furnished ma- 
chined or ground to specified size and finish. 


Division of Union Carbide Corporation 
Kokomo, Indiana 


Address inquiries to Haynes Stellite Company, 30 East 42nd Street, New York 17, N.Y. 


The terms “Haynes,” “Haynes Stellite,” “Hastelloy,” “Haystellite,” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 


TYPICAL “HAYNES” ALLOY HEAT-RESISTANT PARTS 


JUNE 1960 


GRID TRAY of HasTE.Loy alloy 
X holds bits during bonding of 
diamonds to drill bit face. Fur- 
nace heat is 2300 deg. F. in 
14-hour cycles. The trays with- 
stand over 100 such cycles. 


FURNACE DOOR HANGERS of 
HAsTELLoy alloy X, exposed to 
2000 deg. F. flames in either 
oxidizing or reducing atmo- 
spheres, have served over a year. 
Steel failed in three weeks. 
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HEARTH PLATES and hanger 
bolts of HasTELLoy alloy X are 
in their second year of service 
in electric furnaces that reach 
1950 deg. F. — resisting oxida- 
tion, thermal shock, heavy loads. 
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New Eaton Process Cuts Costs 
of Alloy-Faced Valves 


The new Eaton ECONOSEAT process of applying heat resistant 
and corrosion resistant material to valve faces makes possible a 
worthwhile reduction in the amount of costly protective alloys 
required. 


If you have hesitated to use high-alloy-faced valves because of 
cost—or are now using valves conventionally faced and are in- Call on Eaton engineers to dis- 
terested in reducing costs—you will want complete information cuss with you the possibilities of 
about the advantages of Eaton ECONOSEAT Valves. Eaton engi- applying the ECONOSEAT process 


- to parts, other than valves, re- 
neers will be glad to consult with you without obligation. quiring protective coatings. 


VALVE DIVISION 
MANUFACTURING COMPANY 


BATTLE CREEK, MICHIGAN 


PRODUCTS: Engine Valves * Tappets ¢* Hydraulic Valve Lifters * Valve Seat Inserts * Gears * Hydraulic Pumps 
Truck and Trailer Axles * Truck Transmissions * Permanent Mold Iron Castings * Automotive Heaters and Air Conditioners 
Fastening Devices * Cold Drawn Steel * Stampings * Forgings * Leaf and Coil Springs * Dynamatic Drives and Brakes 
Powdered Metal Parts * Variable Speed Drives * Speed Reducers * Differentials * Centralized Lubrication Systems 
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1934. Heat Treating Equipment 

The Drever Co. has released a 16-p. 
bulletin covering large-tonnage furnace 
equipment for heat treating stai 
strip, sheet, tube, wire, bar, and formed 
products. 


1935. Cryogenic Equipment 

For superconductor and transistor ap- 
plications, a variety of miniature and 
compact refrigeration systems are offered 
by Air Products, Inc. Temperature range, 
3.5°K. to 200°K. 
1936. Thermal Insulator 

Rigid ceramic, “Melfoam C-100”, is a 
strong, light weight, easily machined, 
foamed dielectric, stable up to 1200°F., 
which can be u as a thermal insulator. 
Melpar, Inc. 


Cleaning and Finishing 


1937. Plating Bath Additive 

MacDermid Inc. has issued Technical 
Data Sheet No. 81 on “Metex Non-Pitter 
N-17”, a surface-active liquid used in 
cyanide copper-plating baths to minimize 
pitting, blotchy plate, fuming, drag-out, 
and associated nuisances. 


1938. Abrasive Finishin 

Data sheet covers methods for produc- 
ing bright, satin, or butler finishes on 
heavy chromium plate. Lea Mfg. Co. 


1939. Duplex Nickel 

Literature on “Duplex Nickel’ plating 
of zinc die castings is available from 
Harshaw Chemical Co. Improved corro- 
sion resistance is claimed for the finishes 
made by the new process. 


1940. Film Thickness Checker 

The thickness of anodized aluminum 
surfaces can be measured with the “Ano- 
tron”, an electronic instrument produced 
by J-R Engineering Co. 


1941. “Plating and Polishing News” 

This is the title of a quarterly 4-p. news- 
letter published by Hanson-Van Winkle- 
Munning Co. for members of the metal- 
finishing trade. 


1942. Metallizin 

_Folder prepared by Plastic Art Metal- 
lizing Corp. explains vacuum metallizing 
process and outlines its advantages. 


1943. Reference Chart 
This chart lists 50 “Kenvert” metal fin- 
ishing items, including chromate treat- 
ments, plating additives for bright dips, 
brighteners, protectives, and pickling and 
gg specialties. Conversion Chemical 
orp. 


1944. Protective Coatings 

Dearborn Chemical Co. will send infor- 
mation on a heavy-duty rapid-drying 
coating and an extremely thin, transpar- 
ent coating for protection of production 
parts. Case histories available. 


1945. Metal Finishing Tools 

Suggestions on how to get maximum 
output from air tools—sanders, grinders, 
wire brushes—contained in Master Power 
Corp.'s illustrated catalog. 


1946. Plating Solutions 

Simple analytical methods for nickel, 
copper, silver, and other plating solutions 
are explained in 36-p. technical booklet 
offered. Hanson Van Winkle-Munning Co. 


1947. Infrared Ovens 

Bulletin 57-108 from Fostoria Corp. pre- 
sents information on infrared ovens and 
components for metal processing. 


1948. Ultrasonic Cleaner 

Information available from Circo Ultra- 
sonic Corp. on new ultrasonic cleaner for 
large industrial parts, such as missile com- 
ponents and nuclear fuel elements. 
1949. Metal Abrasives 


Information on “Malleabrasive” shot or 
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grit for efficient and low-cost blast-clean- 
ing. Globe Steel Abrasive Co. 


1950. Spray Washing 

“Oakite 161” alkaline detergent will not 
foam, even at highest pressures in spray 
washes. See Bulletin F-9772 from Oakite 
Products, Inc. 


1951. .Chromate Coating 
“Tridite’ chromate conversion coatings 
are applied for corrosion protection, ap- 
arance, special effects, and as a paint 
. Allied Research Products, Inc. 


1952. Vapor Degreasing 

36-p. brochure explains vapor degreas- 
ing, including cycles, procedures, stabiliz- 
ers, contamination, and solvent recovery. 
Hooker Chemical Corp. 


1953. Selective Plating 

Sifco Metachemical, Inc. offers descrip- 
tive brochure on selective plating for 
electronic components. 


1954. Chromic Chloride 

Data sheets available on anhydrous and 
water-soluble chromic chloride. Uses: 
chromizing, metallizing, gas or vapor 
plating, and catalyst. Diamond Chemicals 


1955. Ultrasonic Cleaning 

For better and faster cleaning, soils are 
“cavitated away” ultrasonically using 
Acoustica cleaning systems. 


1956. Electroplating 

Finishes of chromium, nickel, copper, 
or brass electroplated on steel and other 
base metals. Also “Mar-Not” coatings 
from American Nickeloid Co. 


1957. Spray Painting 

Hot, airless spray painting system from 
Nordson Corp. can save up to 30% on 
painting costs. 
1958. Nickel Coating 

Chemically deposited nickel alloy coat- 


ing gives hard, corrosion and abrasion 
resistant surface on iron, per, alumi- 
num, titanium. Bulletin 258. Kanigen Div. 


1959. Teflon Coating 

Teflon-insulated wires are used in mis- 
sile applications where seal against 
moisture and corrosive chemicals is nec- 
essary. Data sheet from Hitemp Wires, 
Inc. gives details of adhesion-promoting 
techniques and materials. 


Welding and Joining 


1960. Transformers 

Taylor Winfield Corp. has published a 
20-p. report containing precise data on 
resistance welder transformers: construc- 
tion techniques, transformer ra and 
load demands, magnetizing and load tran- 
sients, applications and duty cycles. 


1961. Paste Solder 

Leaflets from Fusion Engineering re- 
views production soldering applications 
for a line of paste solders and points out 
savings in labor and material. 


1962. Resistance Welding Controls 
Robotron Corp.s’ “Spike Power” control 
units produce high-current, short dura- 
tion pulses without misfiring. Aluminum, 
vinyl-clad steels, and many dissimilar 
metals have been successfully welded. 


1963. Resistance Welding Tips 

A 24-p. catalog by Air Reduction Sales 
Co. is the first to use “RW” taper number- 
ing for qs tip sizes as proposed 
by Resistance Welding Alloy Assoc. 


1964. Welders 

Bulletin from National Cylinder Gas 
Div. presents operating data on four new 
utility arc welders, for use where a.c. or 
d.c. welding currents are needed. 


Control Quenching to 
improve Heat Treating 


@ The NIAGARA Aero HEAT 
EXCHANGER transfers the heat from 
the quench bath to atmospheric air. It 


never fails to remove the heat at the 


rate of input, giving you real control 


of the quench bath temperature. You 


prevent flashing of oil quenches. You 


improve physical properties, save loss 


of your product from rejections, get 


faster production, increase your heat 


treating capacity. 


You have a closed system, freedom from dirt and scale. 


You avoid water supply and disposal problems. 


Write for Bulletin 120 and 132 


NIAGARA BLOWER COMPANY 
Dept. MP-6, 405 Lexington Ave., New York 17, N. Y. 


District Engineers in Principal Cities 
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Why GRAPH-MO* steel makes better gages 
and dies, cuts cost, too 


The master plug gage in the illustration above showed 
less than 10 millionths of an inch change after twelve 
years of use. It’s made of Graph-Mo®, one of the family 
of Timken tool steels—the most stable steels you 
can buy. 

In addition to its great stability, Graph-Mo wears 
longer. As a matter of fact, users report it outwears 
other ordinary steels 3 to 1. This is because of the 
combination of free graphite particles and diamond 
hard carbides in its structure. 

And you save money with Graph-Mo. A special oil- 
hardening tool steel, it machines faster and easier than 
ordinary steels. As a result, machining time and pro- 


duction costs are reduced. 

When you buy Timken steel you get... 1) Quality that’s 
uniform from heat to heat, bar to bar, order to order. 
2) Service from the experts in specialty steels. 3) Over 40 
years experience in solving tough steel problems. 

All these advantages are yours at no extra cost. 
Graph-Mo costs no more than other oil hardening 
tool steels. And remember, there is only one Graph-Mo. 
The Timken Company makes it. 

The Timken Roller Bearing Company, Steel and 
Tube Division, Canton 6, Ohio. Cable: ““TIMROSCO”. 
Makers of Tapered Roller Bearings, Fine Alloy Steel and 
Removable Rock Bits. 


TIMKEN GRAPHITIC STEELS ARE AVAILABLE FROM STEEL SERVICE CENTERS IN 40 CITIES IN THE UNITED STATES AND CANADA 


Circle 2115 on Page 48-B 


METAL PROGRESS 


| 
| 
- 
+ 
13 


1965. Positioner 

Inforniation on heavy-duty head and 
tailstock positioners used in manipulating 
large weldments for down-hand welding. 
Aronson Machine Co. 


1966. Welding Filler Rods 

Chart published by Chemetron Corp. 
compares 23 NCG filler rods with compe- 
titive brands. These rods can be used 
in welding nine different alloys. 


1967. Power Supplies 

Constant voltage power supplies with 
“slope control” for precision welding of 
space-age metals are discussed in 4-p. 
brochure from Glenn Pacific Power Sup- 
ply Corp. 


1968. All-Weather Welders 
Completely weatherproofed d.c. arc 
welders for shipbuilders and contractors 
are described in bulletin (NH-162) from 
National Cylinder Gas Division. 


1969. Flame Spraying 

New 16-p. bulletin from Metallizing En- 
gineering Co. provides technical data on 
sprayed coatings of a variety of metals, 
ceramics, carbides, and other high melting 
point materials. 


1970. Aluminum Joining 
Complete survey of aluminum welding, 
brazing, and soldering included in 40-p. 
——— manual by All-State Welding 
s Co. 


1971. Brazing 

Bulletin 20 surveys silver brazing and 
its benefits. Includes details on alloys, 
heating methods, joint design, and pro- 
duction techniques. Handy and Harman, 


1972. Induction Heater 

800% faster brazing production obtained 
when induction heater replaced torch- 
brazing setup. Allis-Chalmers. 


1973. Face Shield Window 

Information on “Multi-Ply” face shield 
windows. Superior heat and flame resist- 
ance claimed by manufacturer, Chicago 
Eye Shield Co. 


1974. Electrode Holder 

Air-cooled electrode holder for heavy 
duty metal-arc welding increases produc- 
tion and eliminates water-cooling hazards 
and complications. Data sheet from J. B. 
Nottingham & Co., Inc. 


Inspection and Control 


1975. Fatigue Machine 
city, up to 12, cycles per min., 
to 1800°F. Bulletin BM- 
2050; Budd Co. 


1976. Testing Machines 

40-p. catalog presents comprehensive 
line of universal testing machines and 
accessories. Riehle Testing Machines. 


1977. Hardness Conversion Chart 

A chart relating hardness by various 
testing systems and tensile strength of 
carbon and alloy steels can be obtained 
from Babcock & Wilcox Co. 


1978. Hardness Testing 

Motorized hardness tester increases re- 
producibility of results and productive 
capacity. Bulletin CRS-60 from Torsion 
Balance Co. 


1979. Spectrometer 

Jarrell-Ash Co. announces a new, di- 
rect-reading “Compact Atomcounter” 
which provides the same precision of 
analysis as larger units but costs consid- 
erably less. 


1980. Recorders 

U.S. Gauge Div. gives details of com- 
plete line of temperature and pressure re- 
corders in 8-p. catalog. 
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1981. Photovoltaic Cells 

Where light is used to perform a control 
function, photovoltaic cells may em- 
ployed for precise measurements. Gen- 
eral Electric Technical Bulletin GEZ-3005. 


1982. pH Electrodes 

Leeds and Northrup is offering a 4-p. 
data sheet containing guides for the se- 
lection of the right electrode and mount- 
ing for a wide variety of applications. 


1983. X-ray Techniques 

Folder from Phillips Electronic Instru- 
ments reports on “Atomic Uses of X-ray 
Techniques”, such as phase identification 
at high temperature and lattice parameter 
determinations. 


1984. Carbon Determinator 

Two-minute cycle using carbon deter- 
minator described in 16-p. illustrated cat- 
alog. Harry W. Dietert Co. 


1985. Strain Gages 

Flexible Tatnall ultra-thin (0.0015 in.) 
strain gages with no integral leads—from 
Budd Instruments Div. 


1986. Flaw Detector 

Information on pulse-echo “Sonoray” 
flaw detector for contact or immersion 
testing. Bulletin T-203 from Branson In- 
struments, Inc. 


1987. Metallograph 

_ Picture-in-a-minute photomicrography 

is possible with “Workhorse” ae. 

—- and accessories. American Optical 
0. 


1988. Hardness Testing Equipment 

By removing major test loads automati- 
cally, motorized “Kentrall” testers reduce 
operator error and increase reproducibil- 
ity and productive capacity. Bulletin CRS 
60, Torsion Balance Co. 


1989. Hardness Testers 


Catalog RT-58 gives complete details 
on full line of Wilson hardness testing 
equipment. 


1990. Testing for Hardness 

Illustrated reference book on hardness 
testing may be obtained from Clark In- 
strument, Inc. 


1991. Ultrasonic — 

Illustrated booklet “Quality Control at 
Standard” describes new facility installed 
by a specialty steel maker, Standard Steel 
Works Div. 


1992. Testing Machines 

_ Catalog contains facts on universal test- 
ing machines adaptable for creep, relaxa- 
tion, tension, compression and cycling 
tests. Riehle Testing Machines. 


1993. Hardness Testing 

Complete line of testing equipment, in- 
cluding motorized Brinell machine for 
low-cost, accurate testing. Steel City 
Testing Machines, Inc. 


1994. Electron Microscope 

Crystal growth on stainless steel re- 
vealed by RCA electron microscope. Il- 
lustrated brochure from Radio Corp. of 
America. 


1995. Metallographs 

Bulletin HHS presents application and 
product data on Unitron vacuum heatin 
stages and high temperature metallurgica 
microscopes. 


1996. Microtome 

Information from Hacker and Co. on 
hoy duty, full automatic microtome for 
metal specimen preparation, particularly 
nonferrous alloys. One-micron advance 
produces high quality finish. 


1997. Test Instruments 

Bulletin 19-60-65 describes complete 
line of Biddle Co. electrical instruments, 
including resistance testers, dielectric test 
sets, motor testers, frequency meters, and 
tachometers. 


FOR ALL 
HEAT- DEPENDENT 
OPERATIONS 


Sixty-three different com- 
positions enable you to 
determine and control 
working temperatures 
from 113° to 2000° F. 
TEMPILSTIK® marks on 
workpiece “say when” by 
melting at stated tempera- 
tures—plus or minus 1%. 


also available in 
pellet and liquid form 
Guide to Ferrous 


PREE 


016%"x21" plastic-laminated 
wall chart in color. 


Tempil “Basic 


Send for sample pellets, stating 
temperatures of interest to you. 


6238 


CLAUD S. GORDON CO 


Manufacturers Engineers» Distributors 


613 West 30th St., Chicago 16, Ill. 


2021 Hamilton Ave., Cleveland 14, Ohio 
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3 titanium parts per piece instead of one. 


Drop operated in Radial Draw Forming prior 
heavy scrap floss. operation eliminated metal d 


The illustrated titanium part was not only expensive to mak 

by old methods, but because of metal distortion, the part _ 3 

reject loss was tremendous. By STRETCH RELIEVING the CYRIL 

titanium, using a Bath Radia! Draw Former, part rejects were ae BATH 

practically eliminated . . . in short, a method of forming shapes 

that keep their shape ... even after heattreating ; — COMPANY 

... Send for the plant facilities folder, it illustrates — . 

plus a completely new series of HIGH BRED (LOCATED IN THE GREATER CLEVELAND AREA) 

production forming machines. >= Radial Brow Formers Dies Tools 
Press Brakes Tongent Bending Sequence Presses + Press 

Type Brakes » Special Machines 


Circle 2117 on Page 48-B METAL PROGRESS 


Cutting out the blank In this titanium ploce was 
istortion, 
| 
| 
46 


1998. Impact Tester 

To rapidly determine the degree of 
shock sensitivity of solids in liquids or 
gases, a new impact tester provides de- 
sign information for rocket propulsion 
systems. Thiokol Chemical Corp. 


1999. Laboratory Instruments 


Techniques and instruments for leak 
detection, mass spectrometry, chromatog- 
raphy, moisture monitoring, and other 
types of analysis and control. Consoli- 
dated Electrodynamics Corp. 


Production and Casting 


2000. Lance 

(Water cooled) with easily replaceable 
tip useful for as many as 300 heats in 
electric furnace or openhearth, presented 
in Bulletin 260 by Hutton Fabricating 
Mfg. Co. 


2001. High-Vacuum Furnaces 
Catalog Bulletins 4560.1 A and B show 
Kinney Mfg. Div.’s F-9 and F-15 furnaces 


and vacuum pumps (complete units) 
reaching 3x10“ pressure. Varieties oper- 
ate at 1600, 2000 and 2500°C. 


2002. High Vacuum 

NRC Equipment Corp. publishes “NRC 
Vacuum ‘Ticronicle,” a periodical which 
carries short articles on all phases of 
high-vacuum operations. 


2003. Ingot Mold Coating 

6-p. folder from Albi Manufacturing Co. 
claims improved steel quality and re- 
duced finishing costs when using “MRX 
ingot mold coating. 


2004. Vacuum Pumps 

LaPine “Apparatus Review No. 11” 
presents a complete line of laboratory 
equipment and features Leybold high- 
vacuum pumps with gas ballast device 
that prevents vapor condensation. 


2005. Iron Castings 

Illustrated 12-p. brochure on engineered 
castings discusses wide range of standard 
iron then alloys and ductile 
irons produced at Hamilton Foundry. 


2006. Dust Control 

The cleaning of hot, corrosive gases us- 
ing glass-bag filters is explained in 12-p. 
bulletin from Dracco Div. 


2007. Ionization Gage Controls 

For accurate and uniform measurement 
of ultra-high vacuum, a new series of 
ionization gage controls has been intro- 
duced by F. J. Stokes Corp. 


2008. Vacuum Pumps 

Bulletin 8-15 tells of quiet pumps capa- 
ble of evacuating to 2x10" mm. Hg. Con- 
solidated Vacuum Corp. 


2009. Vacuum Treating 

Bulletin 4510 contains information on 
vacuum melting, sintering, brazing, an- 
nealing, heat treating and degassing. Kin- 
ney Vacuum Div. 


2010. Induction Melting 

Information on complete line of induc- 
tion melting furnaces is contained in 
Bulletin 70 from Inductotherm Corp. 


2011. Vacuum Pump 

Informaticn on Stokes “Series H Micro- 
vac” pumps available. Also handy vac- 
uum slide-rule calculator. 


2012. Ladle Additions 

Closer control of large openhearth ladle 
additions can be obtained with “Chrom- 
temp” ferrochromium and “Mantemp” 
ferromanganese. Detailed specification 
sheets F-20,124 and F-20,125 from Union 
Carbide Metals Co. 


2013. Sintering Equipment 


Complete data on sintering equipment 
for ferrous or nonferrous compacts, stain- 
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less steel, ceramics, or refractory metals 
from C. I. Hayes, Inc. 


2014. Spark-Proof Fan 

A cast aluminum fan for use in dust 
collectors can be obtained from Aget Mfg. 
Co. Special design produces increased 
suction, and it costs no more than steel- 
bladed fan. 


Parts, Forms, Shapes 


2015. Fine Wire 

Data sheet by Riverside Alloy Metal 
shows the various “put ups” in wires of 
27 stainless and nickel alloys, whether as 
spools, coils, or pay-off packs. 


2016. Small Tubin 

Bulletin 42 from Superior Tube Co. 
gives information on properties, alloys, 
sizes, and applications of a wide range 
(0.010 to 1.125 in. OD) of alloy tubing. 


2017. Nonferrous Specifications 

A detailed chart showing comparative 
specifications, chemical analyses, and 
mechanical properties of Shenango alloys 
is available from Centrifugally Cast 
Products Div. 


2018. Aircraft Locknuts 

Bulletin from Standard Pressed Steel 
Co. offers information on 12-point self- 
locking nut for 260,000 to 290,000 psi. air- 
craft bolts. 
2019. Component Parts 

Flyer lists hard-to-find metal specialty 
products, describes production facilities. 
Commercial Shearing and Stamping Co. 


2020. Strip Steel Products 
. Booklet published by Caine Steel Co. 
includes table of estimated weights for 
cold-rolled strip steel. 
2021. Stainless Steel Wire 

Technical data and practical informa- 


tion about ordering and applying stainless 
steel wire are given in dilustrated 
booklet. Jones & Laughlin Steel Corp. 


2022. Panelcoil Units 

Heating and cooling panels offer savings 
through longer service life and lower 
maintenance costs. Details in technical 
data sheet from Dean Products, Inc. 


2023. Metal-Mesh Belts 

130-p. reference manual published by 
Cambridge Wire Cloth Co. details appli- 
cations and operating economies. 


2024. Floor Plates 

Eastern Stainless Steel invites inquiries 
concerning corrosion resistant, long wear- 
ing “Super-Diamond” floor plates. 


2025. Stainless Tubing 

a. booklet presents information on 
seamless and welded tubing. Product, 
design, and application data included. 
Allegheny Ludlum Steel Corp. 


2026. Spring Materials 

A handbook on spring materials has 
been published by Riverside Alloy Metal 
Div. Discusses properties of spring alloys, 
includes comparison tables and charts. 


2027. Steel Tubing 

Buyer’s guide to Ryerson tubing in- 
cludes selection chart, applications, prod- 
uct data, and cost comparisons. 


2028. Filter Elements 

4-p. illustrated leaflet from Bendix Fil- 
ter Div. discusses design and application 
of wire cloth fluid filters. 


2029. Stainless Tubing 


12-p. booklet shows cold drawn stain- 
less = in hypodermic, capillary, me- 
chanical, igh pressure, and aircraft ap- 
plications. Properties and product data 
included. Posen & Kline Tube Co., Inc. 


Ask us for help in deciding how to best braze 
your stainless alloy assemblies. We success- 
fully braze almost every known stainless 
steel, superalloy, and aluminum or titanium 


bearing metal. 


Ask us to choose the best brazing alloy from 
the massive array of copper, silver, and nickel 
base alloys available. We know and use 


them all. 


Ask us for a quotation on doing your stain- 
less brazing or heat processing. Our pencils 
are sharp and so are the four furnace plants 


we operate to serve you. 


WALL COLMONOY CORPORATION 
Stainless Processing Division 
19345 John R Street +» Detroit 3, Michigan 


Wall Colmonoy furnace plants are maintained in 
Michigan, Pennsylvania, Ohio, and California 


Ask for 
Special 
Help 

When 
Brazing 
Stainless 


in a vacuum furnace 


this vacuum furnace 
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MAXIMUM 


SERVICE 


SPECIFY 


B&W Job-Matched seamless pressure tubing 


B&W offers you... 
@ sound engineering assistance on tubing end-use and 
fabricating requirements 


@ mutual understanding toward achieving the most sat- 
isfactory and economical tube performance 


@ the extensive facilities of 2 tube mills—plus a nation- 
wide network of district sales offices and steel service 
centers manned by experienced tube salesmen—equipped 


to serve you with efficiency and dispatch 

These are just a few of the many reasons why it pays to 
specify B&W Carbon or Alloy Seamless Pressure Tubing 
or Pipe. And remember—matching tubes to jobs assures 
you the right tube, in the right quantity, at the right 
time. For more information, call your local B&W District 
Sales Office, or write for Bulletin TB-417. The Babcock 
& Wilcox Company, Tubular Products Division, Beaver 
Falls, Pennsylvania. 

TA-9055-SP2 


THE BABCOCK & WILCOX COMPANY 


TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges— 
in carbon, alloy and stainless steels and special metals 
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The 

American Society for Metals 
and Metal Progress serve 
32,000 member-readers in 11 
major areas of the metals 
industry. 


The ASM is the communications center for technical information 
wherever metals are produced, pr d, fabricated, designed, 
tested and applied. Metal Progress, monthly engineering magazine 
of the Society, reports on engineering developments in these 11 
major technological areas: 


FERROUS METALS: Alloy, Carbon, Free Machining, Stainless Steels, Hot 
and Cold Finished Bars. 


NONFERROUS METALS: Aluminum, Beryllium, Brass, Bronze, Columbi- 
um, Copper, Lead, Magnesium, Molybdenum, Monel, Nickel, Rare 
Earths, Tantalum, Titanium, Tungsten, Zinc, Zirconium. 


HEAT- AND CORROSION-RESISTANT AND ELECTRICAL MATERIALS: Spe- 
cial Alloys; Carbon, Graphite; Ceramics, Cermets, Thermal Insulat- 
ing and Special Electrical Materials. 


RADIATION AND NUCLEAR MATERIALS & EQUIPMENT: Metallic and 
Non-Metallic Reactor Materials, Fuel Elements, Pressure Vessels, 
Control Elements, Related Equipment. 


TOOL MATERIALS, CUTTING AND FORMING EQUIPMENT: Abrasives; 
Carbides; Coolants, Oils and Lubricants; Arc and Gas Cutting 
Equipment, Saws; Forging, Pressing, Extruding Chemical Milling, 
Slitting, Straightening and Spinning Equipment; Tool and Die Steels, 
Plastic and Other Short-Run Die Materials. 


INDUSTRIAL HEATING EQUIPMENT AND SUPPLIES: Atmosphere Gener- 
ators and Gases; Commercial Services; Furnaces; Controls, Indi- 
cators and Recorders; Induction, Flame and Salt Bath Equipment; 
Ovens; Pyrometers; Quenches; Samplers and Analyzers; Trays, 
Refractory Parts. 


CLEANING AND FINISHING EQUIPMENT AND SUPPLIES: Alkaline 
Cleaning, Pickling, Degreasing, Buffing, Polishing, Blasting, Plat- 
ing Porcelain Enameling, Purifying, Painting Equipment and Sup- 
plies; Rust Preventives; Abrasives. 


WELDING AND JOINING EQUIPMENT AND SUPPLIES: Gas, Resistance 
and Arc Welding Equipment and Supplies; Electrodes; Adhesives, 
Fasteners; Hard Surfacing, Brazing and Soldering Equipment and 


Supplies. 
INSPECTION AND CONTROL EQUIPMENT AND SUPPLIES: Microscopes 
and Attachments; Analytical and Mechanical Equip t; Gages, 


Comparators, Hardness Testers, Nondestructive, Electronic and 
Other Scientific Inspection Equipment. 


PRODUCTION AND CASTING EQUIPMENT AND SUPPLIES: Electric and 
Vacuum Melting Furnaces; Refractories; Ferro Alloys; Foundry 
Irons and Coke; Rare Earths; Alloying and Refining Agents; An- 
nealing, Soaking and Sintering Furnaces; Rolling Equipment; In- 

dustrial Gases; Foundry Equipment and Supplies. 


PARTS, FORMS AND SHAPES FOR DESIGN AND APPLICATIONS: Cast- 
ings (Malleable, Gray Iron, Steel, Non-Ferrous), Forgings, Extru- 
sions, Powder Metal Parts, Springs, Stampings, Tubings, Weld- 
ments, Wire. 
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With These 
Convenient, Prepaid Cards 
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Catalogs and bulletins, new products and serv- 


ts in Metal Progress 


d most advert 


are numbered. To receive more information, 


circle the appropriate numbers on one of these 


postage paid cards. Editorial reprints will be 


sent free as long as they last. 


Catalogs and Bulletins are avail- 


able from a scrutinized and up-to-date 


list of manufacturers’ literature, con- 


jor 


venien 


tly indexed under the 11 ma 


Because some advertisements cannot 


be numbered, please write the names 
of those advertisers in the blanks 
New Products and Services are num- 


More Facts on Advertised Products. 


Engineering Areas. 


provided. 
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Please Include Your Name and Address! 


| 
| 
' 
| 
LE 
> 
| 
| | 
| | 
‘ | | | 
| | 
Page 488 


HERE ARE 729 UISCKIMINATING 
BUYERS WHOSE OVER 152 ORDERS 
AND REORDERS PROVE COMPLETE 
SATISFACTION WITH THESE TWO 
UNITRON INSTRUMENTS. AMERICAN 
BRASS, BATTELLE MEMORIAL 
INSTITUTE, CARNEGIE INSTITUTE, 
DOW CHEMICAL, E. |. DUPONT, 
GENERAL ELECTRIC, GENERAL 
MOTORS, GOODYEAR ATOMIC, 
1. B. M., MINNEAPOLIS 
HONEYWELL, M. |. 
MISSOURI SCHOOL OF 
MINES, MOTOROLA, 
NATIONAL BUREAU OF 
STANDARDS, NATIONAL 
CASH REGISTER, R.C.A., 
REYNOLDS METALS, 
UNION CARBIDE & 
CARBON, UNIV. OF COLORADO, 
UNIV. OF CINCINNATI, UNIV. OF 
WASHINGTON, UNIV. OF WIS- 
CONSIN, U.S. GOVERNMENT, U.S. 
STEEL, WESTINGHOUSE ELECTRIC. 


MODEL MEC 


took a total of 152 


UNITRON INVERTED Metallurgical Microscope: This compact unit provides many 
of the features usually found only in larger metallographs. Standard equipment 
includes optics for 25~-1500X, polarizers, filters, transformer in base, etc. A built-in 
camera attachment for 35mm. photography is included with the binocular and 
available for the monocular model. Extra accessories include Polaroid camera 
attachment, vacuum heating stage and illuminator for transmitted light. Think of 
the time which your laboratory can save by providing each metallurgist with one 
of these handy, inexpensive units for use at his desk. 


Monocular Model MEC $399 Binocular Model BMEC $615 


UNITRON METALLOGRAPH and Universal Camera Microscope:A completely self- 

contained instrument of modern design for visual observation, photography, 
projection, and measurement of both opaque and transparent specimens; using 
bright field, dark field, or polarized illumination. Standard equipment includes 
all optics for 25-2000X, polarizers, filters, 344"°x 44" camera, and many accessories. 
Also available are camera attachments for Polaroid, 35mm., and motion picture 
photography; vacuum heating stage for temperatures to 1500°C.; and macro- 
objectives (5-40X). Even laboratories on a limited budget can enjoy the precision, 
speed and efficiency possible only with a complete installation of this type. 


Monocular Model § 1 1 95 Binocular Model BU-11 1 379 


There is a free 10 day trial offer 
on any UNITRON Microscope. 


Let the instrument — its value to you 
—in your own laboratory—before you 
decide to purchase. 


See for yourself why... 
THE TREND IS TO UNITRON 
Circle 2031 on Page 48-B 


CATALOG 


END FOR YOUR FRE 
YOURS 
FOR THE ASKING 


MODEL BU-11 
U 7 TF O INSTRUMENT DIVISION 
OF UNITED SCIENTIFIC CO. 


204-206 MILK STREET, BOSTON SETTS 


Please rush UNITRON’S Micrsscope Catalog 


NAME 
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STATE 
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Spotlights pH Meters 
xe 4 A RS “ AW £ With our comprehensive line of pH meters—ranging 
i from the ultra-sensitive Beckman Model GS to the 
Ke a inexpensive Beckman Pocket Model—we offer the 

S C E N Tl FI C proper instrument for your particular need. 


Representative models are described briefly below. We 
welcome your requests for more detailed information. 


H-28915 — Beckman Zero- 

: matic pH meter, line operat- 

H-29604—Beckman ed. Simply push button and 

Pocket pH meter, battery take pH or millivolt reading. 

operated. 6” x 3” x 2” Drift free, no warm-up time, 

deep. Light weight with unique combination glass line voltage compensation, con- 
and reference electrode which permits holding tinuous 0-14 pH scale. Outlets 
meter in one hand while taking readings, leaving yo o provided for recorder, polar- 
the other hand free for recording .. $99.50 4 izing current, etc....$295.00 


H-28901 — Beckman Model GS 
pH meter, battery operated. For y 
special pH problems and appli- H-28900— Beckman 
cations requiring extreme preci- ei 7 Model G pH meter, 

ion. This ultra-sensitive instrument battery-operated. 


is accurate to0.0025 
pH. The meter is a 
modified model G, 
which provides 20 
times the sensitivity of 
standard null - meter 
measuring circuits. 
Utilizes same elec- 


Designed for highest 
precision and versa- 
tility in pH studies, 
oxidation-reduction 
potential measure- 
ments and titrations 
with accuracy and 
reproducibility to 


trodes as model G. — +£0.02 pH. $475.00 
$625.00 


H-29601 — Beckman 
H-29602 — Beckman Model N-1 pH meter, 


Model N-2 pH meter. A battery operated. 
compact, battery operat- Range 0-14 pH. Tem- 
ed meter in carry- perature compensator 
ing case designed covers 0-100°C. Rapid 
especially for port- measurements to 0.1 
ability. Ideal for pH and with careful 
field use. Range 0-14 technique to 0.03 pH. 
pH. Case has com- $310.00 
partment for elec- 
trodes, beaker and 
solutions . $360.00 


Service facilities and complete electrode stocks are mointained at all Harshow Scientific : 


HARSHAW SCIENTIFIC 


Division of The Harshaw Chemica! Co. * Cleveland 6, Ohio 
SUPPLYING THE NATION'S LABORATORIES FROM COAST TO COAST 


GALES BRANCHES CINCINNATI 13, OHIO HOUSTON 11, TEXAS OAKLAND 1, CAL. 
AND WAREHOUSES 6265 Wiehe Road 6622 Supply Row 5321 East 8th Street 


CLEVELAND 6, OHIO DETROIT 28, MICH. LOS ANGELES 22, CAL. PHILADELPHIA 48, PA. 
1945 East 97th Street 9240 Hubbell Ave. 3237 So. Garfield Ave. Jackson & Swanson Sts. 


SALES OFFICES « Atlanta 5, Ga. * Baton Rouge 6, La. « Buffalo 2, N.Y. * Hastings-On-Hudson 6, N.Y. © Pittsburgh 22, Pa. 
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Company, 


im now for immediate delivery. . 


TRICHLOR inex 


MD GRADE 


CHEMICALS 
PLASTICS 


HOW ONE 


Nialk® MD Grade Trichlorethylene is 
pure enough for flushing missile com- 
ponents and low enough in cost for de- 
greasing. That’s because we’ve made it 
non-impact sensitive in the presence of 
liquid oxygen and because we’ve held 
residue on evaporation to 0.0005% 
max. 

Because one and not two grades is 
needed, you cut your inventory, lower 
your costs, avoid mistakes. 

Another thing that makes Nialk Tri- 
chlorethylene so good is PSP (perma- 


GRADE 


GRADE DOES TWO JOBS 


nent staying power). A neutral stabi- 
lizer system protects against heat, air, 
light, moisture, acids and active metals. 
It can’t wear out, doesn’t let your sol- 
vent go sour. 

If you would like complete informa- 


tion on Nialk Trichlorethylene, ask for 
Bulletin 44A and Data Sheet 814. 
Meanwhile, why not try a few drums 
(or a tank car) of Nialk brand. You 
will find that your trichlor dollars buy 
more at Hooker. 


Nialk® Trichlor. a product of 


HOOKER CHEMICAL CORPORATION 


406 Union Street, Niagara Falls, N. Y. 


HOOKER 


CHEMICALS 


Sales Offices: 


Niagara Falls Philadelphia 


Buffalo Chicago Detroit Los Angeles New York 
Tacomo 


PLASTICS 
Worcester, Mass. 


In Canada: Hooker Chemicals Limited, North Vancouver, B. C. 
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Work Temperature 


Magnetic Amplifier 


Saturable 
Core Work 


Furnace ° J 
Power Supply 


Pyr-O-Volt 


Element Temperature 


Electric furnace control system prevents 


overshoot, protects heating elements 


Here’s the simplest, most economical way to bring 
electric furnace temperatures up to work level rap- 
idly and safely using saturable reactor control. 


This accurate Honeywell system holds fast-rising 
furnace temperature to a safe value as the slowly- 
increasing work temperature approaches its control 
point. The system consists of two Pyr-O-Volt con- 
trollers and a magnetic amplifier. Both controllers 
feed signals to the magnetic amplifier until work 
temperature reaches set point, then the work tem- 
perature controller assumes primary control of the 
system. 


Work Temperature 


Curves show the relationship of work temperature 
and element temperature vs. time in the Pyr-O-Volt 
furnace control system. 
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This relatively inexpensive system requires mini- 
mum maintenance, as no relays or other mechanical 
switching means are used. Both controllers have pro- 
vision for fail-safe thermocouple burnout protection. 
In addition, automatic current limiting can be sup- 
plied with the system should you require extra pro- 
tection for molybdenum heating elements. 


Your nearby Honeywell field engineer can give you 
complete details on applying this system to advan- 
tage in your plant. Call him today . . . he’s as near as 
your phone. 


MINNEAPOLIS - HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 
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Whether furnace output is measured in 
grams or tons, Hevi-Duty’s value solution pays 
steady operating dividends. 


When you consult a Hevi-Duty Sales Engineer on 
any heat-processing problem, you take three impor- 
tant steps toward a sound solution. For Hevi-Duty 
helps you three ways: 


Designs the system to fit your need. A Hevi-Duty 
ag Applications Engineer works full time on such prob- 
a lems. Call on him. He might save you countless 
c hours. He may have solved a problem like yours 

last week. 


Designs the furnace to fit the system. Usually, the 
unit you need will be a proven item, for you are draw- 
ing from the most complete line of heat-processing 
equipment in the business. If not, Hevi-Duty engi- 
neers can quickly design the unit that fits your needs 
exactly. 


Builds the furnace to last. Hevi-Duty furnaces are 
built for tough, continuous production work. They 


Wall Colmonoy Corp., Detroit, Michigan, uses this Hevi- 
Duty laboratory crucible furnace to find exact melting tem- 


peratures of hard-surfacing and brazing alloys. Furnace 
heats rapidly to the 2200° F. temperature required, pro- 
vides precise control for melting and cooling tests on 250 g 
samples. User reports long element life at high tem- 
peratures. For more information, send for Bulletin 1246. 


are designed to last, and hundreds of case histories 
prove they do. 


Here are three typical examples of non-ferrous melt- 
ing furnaces spanning a wide range of sizes, yet each 
provides the value solution to a problem. 


_ HEVI-DUTY 


BP 
Electric and Fuel-Fired Cc vy Basic Products 
Industrial Furnaces and Ovens Corporation 


Hevi-Duty Electric Company, Milwaukee 1, Wis. 


A Division of 


This Hevi-Duty double-chamber, dry-hearth furnace melts 
100 lb of aluminum per hour, 16 hours a day, 7 days a 
week at Alliance Mfg. Co., Alliance, Ohio. It can provide 
up to 200-lb-per-hour output and occupies little space. It 
maintains critical bath temperatures during charging. User 
states: “You can turn it on and forget about it.” For 
complete information, send for Bulletin 593. 


Kawneer Company, St. Charles, Illinois, has installed a 
second pair of Hevi-Duty reverberatory furnaces for break- 
down and holding in direct-chill ingot casting of four dif- 
ferent alloys. Furnaces provide + 10° F. control, pour at 
1320° F., operate 24 hours a day. Capacity is 100,000 lb 
a day. Note in the foreground two of the 6,300-lb 
aluminum ingots produced. Please write for Bulletin 591. 
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Custom Made OSTUCO Tubing..... 


gets your product off the ground 


OSTUCO tubing is the exact tubing you need for your product 
because OSTUCO Tubing is CUSTOM MADE for your product. 
Your order is manufactured to your own specifications to 
produce steel tubing especially for your application—the pre- 
cise grade, analysis, size, shape, special anneal and tolerances 
best suited to your own needs. 

Ohio Seamless Tube produces both seamless and electric 
welded steel tubing—is prepared to form many finished or 
semi-finished tubular parts to your designs. 

To get the most from your next steel tubing order, use 
Custom Made OSTUCO TUBING. Contact your nearest Ohio 
Seamless representative, or send part drawings to the plant at 
Shelby, Ohio—Birthplace of the Seamless Steel Tube Industry 


in America. 
Model illustrated built to 3.5 mm scale. 


| OHIO SEAMLESS TUBE 


Division of Copperweld Steel Company + SHELBY, OHIO 
Seamless and Electric Resistance Welded Stee/ Tubing * Fabricating and Forging 
Miami, Moline, New Orleans (Chalmette), New York, North Kansas City, Philadelphia ‘(Wynnewood), Pittsburgh, Rochester, ‘St Louis, St. Paul, Salt 
Lake City, Seattle, Tulsa, Wichita 
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Standard Screw Co.: Thousands of fasteners, like those above, are produced daily. Speedomax H helps spheroidize heading stock used for many 
of these Stanscrew fasteners. 


Reproducing annealing temperatures a problem? 


Not for Standard Screw Co. at its Chicago Screw Co. Div., Bellwood, II]., where Speedomax® H is help- 
ing to spheroidize 60 tons of coil a day for later production into Stanscrew fasteners. As part of their 
modernization and expansion program, Standard Screw recently installed one of the fastener industry’s 
first continuous, pusher-type Surface Combustion furnaces . . . equipped it with Speedomax H controllers. 
After more than a year of operation, Speedomax H is reliably maintaining the selected time-temperature 
program .. . helping to reproduce again and again 85% spheroidization of pearlite in the structure of 
SAE-1038, 1041 and several low-alloy steels. Rugged and compact, this modern controller is providing 
equally dependable control for many other heat treating processes . . . helping to produce both process 
economies and a quality product. Whatever your heat treat, it’ll pay you to investigate Speedomax H! 
For details, contact your nearest L&N office, or write 4927 Stenton Ave., Phila. 44, Pa. 


Six Speedomazx H controllers regulate tem- 
perature of six furnace zones, reliably repro- 
ducing process temperatures 24 hours a day, 
5 days a week. 


Instruments Automatic Controls + Furnaces 
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An assignment in “give and take’’. . . for 
Lukens Application Research. researching the steel that best 


fits the job is a matter you can safely trust to Lukens Application Engineers . . . whether your problem is 
metal expansivity, cryogenics, abrasion, structural stress or the complexities of corrosion. A recent and 
typical assignment was to determine the most efficient material on which to cradle the bearing members 
of a bridge. These mechanisms provide the “‘give’’ that keeps a bridge structurally sound. Since corrosion- 
resistance was a major goal, stainless steel seemed well-suited—but costly. Lukens, with its broad fund of 
practical metallurgical knowledge, suggested—then thoroughly tested—the less expensive stainless-clad 
steel. The success of this engineered combination of clad and backing steel has since been borne out by a 
host of clad steel bearing plate applications. 

If you have an assignment in metals application, let it be our assignment too. Write Manager, 
Application Engineering, Services Building, Lukens Steel Company, Coatesville, Pennsylvania. Also con- 
tact us for Bridge Bearing Plate Bulletin No. F-60. 
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“Excellent Results Have Proved the Value and 
Versatility of 
Park’s 
Non-Burning 
Carburizing 


Compounds” 
Says L, A, Lindberg 


President, Lindberg Steel Treating Co. 
Chicago — Rochester — St. Louis 
Los Angeles 


“We have had excellent results with 
this Non-Burning Carburizing 
Compound for many years. For ex- 
ample, the pinion gear shaft that 
Milt Vandenberg is looking over 
has a heat treat specification of 
.040-.050” case depth and Rockwell 
59-62 “C” Scale hardness. 

“We process production quantities 
of these shafts in a two row, auto- 
matically controlled, pusher-type 
furnace using Park’s Non-Burning 
(grade W) Carburizing Compound. 
The compound supports the parts 
during carburizing so that distor- 
tion is controlled and straightening 
Operations are minimized. Tooth 
form and lead angle of the gear 
remain within the allowable toler- 
ance and case depth is very accu- 
rately controlled. 

“The value and versatility of this 
operation for such parts as well as 
for low-cost production items has 
been proved to us over the years. 
We have learned to depend on Park 
for uniformity and for service!” 


Park NON-BURNING CARBURIZING COMPOUND is available tained indefinitely with addition ratios of as low as 1 to 10. 

in sizes No. 3, 6, and 8, and in two grades: “B” and “W”. The 

latter grade is designed to minimize the possibility of copp NON-BURNING is the quality carburizing compound that is 

migration on copper plated work. All sizes and grades are economical to use. In addition to its uniformity and low replen- 

manufactured by coking a special quality coal in the presence ishment requirement, it does not burn after removal from the 7 

of the energizing chemicals. This process produces a homo- furnace. NON-BURNING is especially suitable for carburizing 

9 pound and insures uniform carburizing activity alloy steel parts such as gears which are direct quenched or 

even though usage reduces the material to pinhead size. reheated. Send for the free, informative technical bulletin B-1, Fee 
Shrinkage rates are low and carburizing activity can be main- “Pack Carburizing of Steel in Solid Compounds”. 


Woodside Rapid Carburizers (Non-Burning—Charcoal-Coke-Specification) @ Park-Kase Liquid Carburizers 
@ Quenching and Tempering Oils @ Cyanide Mixtures @ Neutral Salt Baths @ High Speed Steel Hardening 
Salts @ Iso-Thermal Quenching and Tempering Salts @ Protective Coatings (No-Carb—No-Kase—No-Scale— 
No-Tride) @ Carbon Products (Charcoal-Crushed Coke-Pitch Coke-Lead Pot Carbon) @ Kold Grip Polishing 
Wheel Cement @ Par-Kem Metal Cleaners @ Cutting and Grinding Compounds (Kem-Cut—Kem-Grind—Bluelce) 


PARK CHEMICAL COMPANY 8074 Military Ave. 


Detroit 4, Mich. 
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One of two Voss Levelers in operation at the Lancaster, Pa., plant of Quaker State Metals Co. 


Ask Quaker State Metals Company, a leading supplier 
of aluminum to siding manufacturers. Quaker State puts 
all their aluminum siding stock through Voss Levelers, 
because only Voss gives them the absolute flatness their 
customers demand. 

Quaker State’s first Voss Leveler was installed 214 
years ago, the second one a year later. Both have with- 
stood long periods of 24-hour operation, leveling up to 
75,000 lbs. per machine daily . . . with no downtime 
since installation! 


Voss Levelers will solve almost any leveling problem 

. at high production speeds. Patented features make 
possible accuracy and flatness unheard of with any 
other leveler, equalling or exceeding stretcher-level flat- 
ness in many cases. Voss Levelers are now in use in 
steel, aluminum and other non-ferrous plants, in appli- 
cations ranging from heavy plate to cold-rolled strip, 
galvanizing lines, aluminum sheets and many others. 
Let Voss put its years of experience to work for you. 
Call or Write today. 


Voss ENGINEERING CO. 


7301 Penn Ave. Pittsburgh 8, Pa. Churchill 2-4422 
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To prepare 
aluminum for 
better service 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE « OVER 250 FIELD SERVICE MEN + OVER 160 MATERIALS 


Avoid aluminum fabricating problems 
with proper conditioning 


This is true of all metals—the better the surface is 
conditioned for subsequent treatment, the better the 
results in service. Aluminum is no exception. For 
example: 


In welding aluminum... complete deoxidizing 
helps — spattering and blow outs, gives welds 
of uniform shear strength 


In painting aluminum. . . pre-paint conversion 
coatings provide tight paint bond, assure long-last- 
ing protection against corrosion for the painted 
surface 


In general cleaning of aluminum ... use of 
proper cleaners removes all soils with complete 
safety to parts 

In forming aluminum ... proper lubricants smooth 
the fabrication process without harm to the metal 
surface or dies 

In etching aluminum ... produce a mat finish as 
you clean; or actually etch away excess metal 


Oakite now has more than 30 materials especially 
and guaranteed for proper aluminum con- 
itioning. 
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There are etching and non-etching cleaners, draw- 
ing lubricants, barrel finishing compounds. Also paint 
strippers to reelaim rejects safely. And to assure 
better paint adhesion with improved corrosion resis- 
tance, you can’t beat the Oakite ChromiCoat conver- 
sion coating process. 

If you’re working with aluminum and want to get 
the most from it, call in the Oakite man. Or, write for 
booklet F-8283 on conditioning special metals. Oakite 
Products, Inc., 45B Rector Street, New York 6, N. Y. 


it PAYS to ask Oakite 


OAKITE. 
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Finishes parts up to 100 times faster! 


New Pangborn Air-Cushioned Vibratory Finishing Machine 
gives tremendous savings in finishing costs! 


This is the 6 cu. ft. capacity Pangborn Air-Cushioned 
Vibratory Finishing Machine . . . perfect solution for 
cleaning, descaling, deburring, grinding, radiusing, fine- 
finishing, coloring or burnishing all metal and metal alloy 
parts, many suitable plastic and ceramic items. 


@ Works up to 100 times faster than conventional methods 
at lower cost. 


@ Most compact vibratory machine on the market. 


@ Air cushion suspension gives automatic leveling and 
amplitude control, supplants spring suspension systems 
subject to fatigue. 


@ Does work impossible to do by barrel finishing or 
other means. 
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@ Standard basic machines are equipped with mechani- 
cally variable speeds. ~— 

@ Floor vibration entirely eliminated, making possible: 
(for the first time) second floor mounting. 

Available in 1%, 3, 6, 12 and 18 cu. ft. net capacity 

sizes. Also auxiliary equipment, media and compounds 

for every need. Send parts with exact finish specifications, 

or finished specimen, for sample processing in our lab- 

oratory, to: Mr. William E. Brandt, PANGBORN 

CorPoraTION, 1800 Pangborn Blvd., Hagerstown, Md. 


Pangborn 
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MEN WHO KNOW 
FACILITIES, CAPACITY AND EXPERIENCE, 


BUY... 


“fabrication 


Capacity for engineering . . . capacity for production . . . capacity for your 
fabrication, that’s the Mahon Steel-Weld Division. Whether your work 

is mechanical or structural, a one-time design or a production run, 

Mahon offers a sing/e-source-service to do your job best. Mahon’s extensive 
facilities, large capacity and long experience insure you of the highest 

quality product at lowest cost . . . delivered on schedule. For heavy parts in 
particular, Mahon’s Steel-Weld Division should be your No. 1 supplier. 

We suggest that you investigate how Mahon capacity can be used 

profitably in the products you make or the equipment you use. Let us prove 
why, you too, should specify ‘‘fabrication by Mahon.” 


WRITE TODAY FOR STEEL-WELD LITERATURE... 
of OR FOR ON-THE-SPOT HELP DISCUSS YOUR PROBLEM 
torch—by a skilled welder. WITH A MAHON FABRICATION ENGINEER. 


THE R. C. MAHON COMPANY «¢ DETROIT 34, MICHIGAN 


Manufacturing Piants—Detroit, Michigan and Torrance, California SALES OFFICES / or Representatives Located in all Principal Cities 
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Heat-resistant concrete in foundation pads is just one use of 
concrete made with LUMNITE calcium-aluminate cement and 
aggregates in blast furnace stoves. Because it resists heat and 
abrasion, concrete made with LUMNITE cement can also be 


Stove pads used to line sections connecting to hot-blast mains as well as 


flues, doors and stacks. In addition, it can be used as dome 
and wall insulation. And precast shapes can be formed, for 


place easier with doors and manholes. Installation is fast, easy, economical—by 


guniting, pouring or plastering. Concrete reaches full strength 


heat-resistant 


Write for detailed information on aggregates, proportions and 
concrete methods of making concrete with LUMNITE cement: Universal 
Atlas Cement, 100 Park Avenue, New York 17, N. Y. 


.-208 "USS," “Atias’ and "Lumnite’’ are registered trademarks 


Universal Atlas Cement 
Division of 
United States Steel 


Offices: Albany « Birmingham . Boston . Chicago . Dayton . Kansas City . Milwaukee . Minneapolis . New York . Philadelphia . Pittsburgh . St. Louis . Waco 
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METALOG/CS AT WORK 


How Ryerson helps stainless user cut costs 


Production costs for a manufacturer of stainless steel 
fittings were high—and rising. Parts were being ma- 
chined from 1-inch round, cold drawn Type 304. Its 
relatively slow machining speed made blanking, drill- 
ing, threading and roughing out slow and costly. Man- 
agement considered that switching to 30% faster 
machining Type 303 would bring costs back in line. 
A BETTER ANSWER: this boost in machining rates 
looked like a good answer—but was it the total solu- 
tion? With their Ryerson Representative they studied 
the problem further, and realized that service demanded 
of their fittings didn’t require all the corrosion resist- 


ance of the 300 series. On the recommendation of 
Ryerson, they switched to Type 416 and gained two 
ways. It gave them a much higher machining rate— 
100% faster than type 304—and saved many dollars 
a ton in material costs. 

There may be another stainless that will do your 
job faster, better, at lower cost. Ryerson offers more 
types, shapes, sizes, tonnage—and the knowledge of 
when and where to use them. Ryerson can handle 
your mill orders, too—saving you time and trouble at 
no additional cost. 

Always be ‘‘Metalogical’’—call Ryerson. 


STEEL*>ALUMINUM PLASTICS METALWORKING MACHINERY 


RYERSON STEEL 


Joseph T. Ryerson & Son, Inc., Member of the 


Steel Family 
® 


PLANT SERVICE CENTERS: BOSTON BUFFALO CHARLOTTE CHICAGO CINCINNATI * CLEVELAND DALLAS DETROIT HOUSTON » INDIANAPOLIS 
LOS ANGELES + MILWAUKEE NEW YORK PHILADELPHIA PITTSBURGH ST.LOUIS SAN FRANCISCO SEATTLE SPOKANE WALLINGFORD 
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co. Purge the are so that its force spread out each puddle. 
Reduces Repair Hazards These two conditions changed the shape of the 
weld to one which was wide and slightly concave. 
To prevent loss of alloying elements, wires which 
If the high interest in gas-shielded metal-are were aluminum or silicon killed were used. 
welding so evident at the recent 41st Annual Meet- All pieces were preheated to 400° F. so that 
ing of the American Welding Society is a good 
indication, you can expect the process to continue 
its rapid growth. An example of the success of CO, a 
shielied “welding was by G. D. Ries, 
Republic Steel Corp., Cleveland, who told of its 
part in the fabrication of 900-ft. radio towers (26 
have been made) which are used by the Navy for 
long-range communications (see photo). The three 
legs of each tower were made from 32-ft. sections 
of solid rounds of low-alloy constructional steel 
(A.S.T.M. A242-55) ranging in diameter from 6 in. 
near the top to 11 in. at the bottom where the 
tower tapers to a ball and socket joint. Heavy 
plates up to 1 in. thick were welded to the rounds. 
Automatic CO, welding with quick-loading fix- 
° tures was used for making most of the welds. 
According to Mr. Ries, this method produced joints 
of high quality which proved stronger in tensile 
tests than the base metal. Deep penetration per- 
° mitted welds to be made in one pass. 
Exploratory work revealed two disadvantages of 
CO, welding. First, narrow, convex beads resulted 
because weld puddles lacked fluidity. Second, with 
certain welding wires there was some loss in alloy- 
ing elements in the weld metal. Puddle fluidity 
was increased by reducing the welding speed to 
give higher heat input. The electrode was also COz Process Joined Heavy Sections With 
tilted 15° in the direction of travel thus directing Single-Pass Fillet Welds 


Rapio Towers FABRICATED FOR NAvy 
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when welded each would be at 300’ F. No post- 
heat was required. Welding conditions were con- 
stant except for weld speed which was varied 
according to the thickness of the plate being joined 
to the legs. For example, with a %-in. thick plate, 
a welding speed of 14 in. per min. was used; for a 
l-in. plate, speed was adjusted to 7 in. per min. 

Other notes on successful applications of CO. 
welding: R. C. Becker, International Harvester Co., 
pointed out that, compared to conventional arc 
welding with coated electrodes, the CO, process 
will produce stronger welds in low-carbon steels. 
Thus, for equivalent strength, the size of fillets can 
be reduced if carbon dioxide welding is used. The 
result is a 50 to 65% decrease in are time and a 
reduction in material costs. 

T. McElrath, Linde Co., Newark, N.J., described 
some of the characteristics and applications of 
short-arc welding, a gas-shielded, consumable- 
electrode process in which the are is extinguished 
and struck 20 to 200 times per sec. Best shielding, 
according to Mr. McElrath, is a 75-25 mixture of 
argon (for are stability) and carbon dioxide (for 
good wetting action). Typical applications of the 
process include welding of window frames for 
automobiles and building up crankshaft journals. 


Carbonyl! Nickel: New idea 
for Dies and Patterns 


The principle of the old and familiar Mond 
process for producing nickel powder has been 
borrowed to serve industry in a unique manner. 
Through equipment devised by the Budd Co., the 
nickel which results from decomposition of nickel 
carbonyl is deposited as a shell which can serve as 
a pattern or die. The product is an exact dupli- 
cate of a master model. The most important appli- 
cation is in the automobile industry for forming dies 
and foundry equipment such as patterns, core 
boxes and die casting, permanent and shell molds. 

In making a pattern, for example, the starting 
point is an original model or master of wood, plastic 
or metal. A eutectic compound of tin is sprayed on 
the original after it has been treated with suitable 
release agent. The eutectic mold, a “negative” of the 


CARBONYL METAL PROCESS 


Nickel Deposit Duplicates Mold Surface 
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desired contour with a coefficient of expansion 
identical to that of nickel, is then removed carefully 
from the master. It is placed with mold or impres- 
sion surface upward in a special depositing chamber 
(see photo) and heated to about 325 and 340° F. 

Gaseous nickel carbonyl, piped into the depos- 
iting chamber, decomposes when it contacts the hot 
surface of the mold. The result: A shell of nickel 
is deposited which reproduces the master model. 
The nickel shell may be backed up with an epoxy 
resin containing a filler of aluminum or iron fibers. 

The finished product — pattern, mold die, or 
other geometric shape — is highly resistant to sand 
abrasion, having about four or five times the 
resistance of cast iron. The deposit of carbonyl 
nickel is fine grained and smooth; it does not adhere 
to other metals. Reportedly, no release agent is 
ordinarily required and no lubricants are needed 
in forming operations. 


“Lost Styrene” 
Instead of “Lost Wax" 


Metallurgists are generally fairly well informed 
about the ancient “lost wax” method of molding 
intricate statuary, whose modern uses include the 
making of dentures, prosthetic devices, and mass 
production of gas turbine blades. Prof. Howard 
F. Taylor and his artist-associate Alfred M. Duca 
have come up with an important variant at Massa- 
chusetts Institute of Technology. The artist carves 
his model in a block of foamed polystyrene and 
this is surrounded with an investment of sand 
moistened with sodium silicate solution. The 
whole is then put in a box with CO, under slight 
pressure and the silicate “freezes” — reacts into 
a strong binder. When molten metal is poured 
into the gates, the polystyrene foam vaporizes 
immediately ahead of the liquid and an accurate 
casting results. 


New Thermocouple 
Resists Oxidation 


The well-known platinum thermocouple. so use- 
ful for high temperatures (above 1800° F.), gen- 
erates only a low electromotive force at lower 
temperatures. For such uses, iron-constantan and 
chromel-alumel combinations are generally em- 
ployed, the former having emf.’s at given tempera- 
tures about six times as high as platinum. Their 
drawback is their slow deterioration by oxidation. 
Equivalent emf.’s can be generated by an oxidation 
resistant couple called “Pallador”, one leg of which 
is a 40-60 Au-Pd wire, and the other leg is 90-10 
Pt-Ir. While this combination has been known for 
a long time, it was not particularly stable, electri- 
cally, a matter which has now been corrected by 
manufacturing processes which prevent any absorp- 
tion of gas by the metal, and also by “stabilizing” 
the rod prior to wire drawing. 
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Tin Improves Wear 
Resistance of Cast Iron 


The old-fashioned idea that tramp tin is most 
undesirable in iron alloys received a shock the 
other day whew the International Tin Research 
Council reported an extensive study on cast iron. 
It seems that a little tin produces a full pearlitic 
matrix in either gray or nodular cast iron, and this 
microstructure is especially desirable for wear 
resistance. The amount of addition is not especially 
critical, since a reasonable excess does not produce 
any massive cementite, nor does it affect the 
mechanical properties — at least up to sections 3 
in. thick. 


More Uses for 
Ultrasonic Cleaning 


Progress is being made in the application of 
ultrasonics to many industrial problems. You will 
find ultrasonics at work today as a tool of inspection, 
thickness measurement, cleaning welding. 
There is also a good deal of experimental work 
going on aimed at applying it in other fields, such 
as grain refinement (see Metal Progress, September 
1959, p. 108). 

One of the most useful applications for ultra- 
sonics is in cleaning. An indication of its im- 
portance is given by Peter K. Bloch, president of 
Branson Instruments, Inc., Stamford, Conn.: 
“Ultrasonic cleaning is now being introduced into 
more high-volume, low-cost applications, including 
maintenance of street lights, high-speed degreasing 
and pickling of metal, wire, bar or strip and others.” 

For example, Wean Engineering Co. and Branson 
Instruments, working in a cooperative program, 
have devised a system which will clean strip steel 
at 600 ft. per min. or more. Coupled with shot- 
blast cleaning, ultrasonic energy not only reduces 
line length and initial equipment costs but also 
cuts the cost of cleaning. According to Branson, 
a typical flash pickling section in a shot-blast clean- 
ing line runs about $70,000. Based on a production 
rate of 80,000 tons of strip per year, the processing 
costs would be about 50¢ per ton. By eliminating 
the flash pickling section and 30 ft. of the line and 
by installing ultrasonic cleaning equipment in its 
place, at a cost of only $40,000, the cleaning 
expenses would drop to 23¢ per ton. 

Ultrasonic cleaning of wire on a continuous basis 
has also been investigated. Pilot lines will operate 
at a rate of 1400 ft. per min. and in test runs have 
been boosted to 3000 ft. per min. 

Ultrasonic pickling has also proved more effi- 
cient than conventional pickling in several applica- 
tions. Lycoming Div. of Avco Corp. in Stratford, 
Conn., for example, cleans most parts for its gas 
turbine engines in an ultrasonically agitated phos- 
phoric acid solution (see photo). This replaces 
a six-step cleaning procedure which consisted of 
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ULTRASONICS SPEEDS PICKLING ACTION 


It Replaces a Six-Step Cleaning Process 
for Gas Turbine Parts 


dry blasting, electrolytic cleaning, various dips and 
rinses and air drying. With ultrasonic pickling, 
processing time is reduced, parts suffer no weight 
loss, and cleaning is more thorough. (You'll find 
more information about ultrasonic pickling and 
cleaning in an article—No. 5 in the series on better 
metal finishing—now being prepared for the Au- 
gust issue of Metal Progress.) 


co. Welding 
Continues Rapid Growth 


An interesting technique—purging with CO,— 
is now making it safer to repair vessels which are 
used for combustible gases. Recently an 8-ft. 
diameter downcomer pipe cracked at United States 
Steel's South Works in Chicago. Before welding 
it, engineers purged the container with 48,000 Ib. 
of carbon dioxide to displace carbon monoxide at 
the point of repair. This left an inert atmosphere, 
and the crack was welded in about 6 hr. without 
danger. Both the engineering service and carbon 
dioxide for the operation were supplied by Cardex 
Div., Chemetron Corp. 

Carbon dioxide is used also to purge natural 
gas lines and coke oven gas pipes. The gas has 
several advantages. Because it is relatively heavy 
(having a molecular weight of 44 compared to 
29 for air), carbon dioxide easily displaces air and 
most other gases from below. It is also relatively 
nontoxic and is not condensible under conditions 
of use. Finally, concentrations of CO, can easily 
be determined with simple equipment. This is an 
important safety advantage. 
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Materials Progress in 
Ceramics and Graphite 


Siliconized graphite shows promise for use on 
leading edges in hypersonic flight, according to tests 
conducted by Bell Aircraft Corp. and reported at 
the recent meeting of the American Ceramic Soci- 
ety. Tests were made at elevated temperatures on 
various materials to determine the modulus of rup- 
ture, coefficient of thermal expansion, thermal con- 
ductivity and oxidation resistance up to 2600° F. 
Less promising than siliconized graphite were dense 
silicon carbide, molybdenum disilicide, graphite 
bonded with silicon carbide and coated graphite. 

Also discussed at the meeting was a new ap- 
proach to the use of ceramics in atomic reactors, 
rockets, ramjets and other space applications in 
which the material meets requirements by modi- 
fying itself to environmental conditions. This 
study was conducted by Bendix to investigate 
effects of various coatings on a porous magnesia 
base. It was found that iron, nickel and chromium 
oxides evaporated preferentially (temperatures as 
high as 4500° F. were used) leaving a thin layer 
of molten magnesium oxide which protects the 
strong sintered magnesium oxide base. Studies 
also revealed that lithium fluoride added to mag- 
nesium oxide provides a structure with a lower 
ablation rate than if magnesium oxide is used alone. 

Researchers from the University of Illinois re- 
ported on a ceramic coating which protects tung- 
sten from oxidation up to 10 hr. at over 3000° F. 
The coating is a vitreous refractory in which zircon 
is bonded with a high-temperature glass. 

Another promising development reported at the 
Ceramic Society meeting came from General Elec- 
tric’s Space Sciences Laboratory: Parts coated with 
pyrolytic graphite may answer the need for ma- 
terials which must operate at extremely high tem- 
peratures (tests have been made as high as 6500° 
F.) and must also possess ductility. Pyrolitic 
graphite is an anisotropic material in which ther- 
moconductivity is up to 1000 times greater in a 
given plane than in the direction perpendicular to 
that plane. In space flight, this property would dis- 
tribute heat away from the leading edge of the wing 
or nose cone to help preserve the design and phys- 
ical properties of the part. In many applications, 
pyrolytic graphite serves also as the basic material. 
Although holding many space-age possibilities, 
pyrolitic graphite, like its predecessor ordinary 
graphite, will also find numerous commercial 
applications. 


From Here and There 


While boron increases the thermal neutron ab- 
sorption on Type 304 stainless, it does so at the 
sacrifice of ductility, corrosion resistance and im- 
pact strength. By using boron 10 isotope rather 
than natural boron, however, the damage to these 
important properties need not be as great. Boron 
10, which makes up 18.4% of natural boron, is 
much more effective in increasing the absorption 


68 


cross section of Type 304. For example, Type 304 
with 0.2% boron 10 has essentially the same nuclear 
properties as Type 304 which contains 2% natural 
boron and, according to Carpenter Steel Co., Read- 
ing, Pa., which now supplies both grades, the 
mechanical properties are practically the same as 
the parent Type 304. 


Mention has been made more than once in 
Metal Progress of the possibility that steel will 
freeze with a fine grain size if it is agitated ultra- 
sonically during solidification. Prof. John F. Wal- 
lace of Case Institute of Technology tells us that 
this scheme is also effective in refining the grain 
of brass (a difficult customer), with corresponding 
improvements in strength, hardness and especially 
ductility. Some progress has also been made 
toward the same objective by treating the melts 
with refractory compounds which disperse without 
melting and provide a cloud of nuclei to “seed” 
the newly forming crystals, thus acting the same 
way alumina is said to act in producing fine- : 
grained steel. 


Two alloys appear for the first time on the latest 
table of standard designations and chemical com- 
position ranges for heat and corrosion resistant cast 
alloys which is issued by the Alloy Casting Institute, 
1001 Franklin Ave., Garden City, N. Y. Cast CD-4 
MCu, a precipitation hardening stainless alloy, con- 
tains 26% Cr, 5% Ni, 2% Mo and 3% Cu. It 
reportedly has the strength of 18-8 stainless with 
equal or better corrosion resistance. Type CG-8 M 
stainless contains 19% Cr, 11% Ni and 3.5% Mo. 
It is particularly resistant to cooking liquors used 
in pulp and paper processing. 


In 1958 each person in the United States con- 
sumed 12 Ib. of new copper, twice that of Russia. 
In all we used up 28% of the world’s supply, of 
which we mined within our own borders fourteen 
fifteenths. Russian, Asian and Australian produc- 
tion of copper just about balanced their consump- 
tion. Free Europe is the big copper consumer, its 
9-lb. per capita adds up to 42% of the world’s 
supply, nine tenths of it coming from Africa and 
the Western Hemisphere other than the United 
States. Asia, Africa, and South America consume 
slightly less than 1 Ib. per capita. 


Electron Beam Welding 
Registers Fast Progress 


During the past few months, electron beam weld- 
ing has found greater use in fields where precise 
control and freedom from contamination in joints 
are required. As brought out in a special report on 
welding in next month’s Metal Progress, the process 
is being considered as a step in the production of 
milk cans — an indication that it is fast becoming 
more than a curiosity and last-resort process. 
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M Special Report on 
Southwestern Metal Congress 


Advances in 


Aircraft and Missile Technology 


Ewciveers are MAKING real progress in 
applying new techniques to develop improved 
metals and composite materials for aircraft and 
missile structures. In one method, discussed by 
Klaus L. Zwilsky of New England Materials 
Laboratory at the opening session of the 2nd 
Southwestern Metal Congress, held May 9 to 
12, metallic and refractory phases are combined 
into the same structure to improve mechanical 
properties at elevated temperatures. ( Metal- 
lurgists will recall that it was only a few years 
ago that nonmetallic inclusions in any form 
were thought to be detrimental in structural 
metal parts. ) 

Dispersion strengthening, as this technique 
is called, consists of dispersing a finely divided 
refractory material, such as aluminum oxide, 
throughout a metal matrix — generally by 


The Convair B-58 Su- 
personic Bomber Em- 
ploys 5% Cr Steel Heat 
Treated to a_ Tensile 
Strength of 260,000 Psi. 
for Parts in Elevon Hinge 
Assembly. (In this delta- 
wing plane, “elevons” ful- 
fill the functions of both 
elevators and_ ailerons 
in conventional aircraft) 


Revealed at Dallas Meeting 


powder metallurgy methods. The composite 
material is then worked, and the result is an 
alloy with high creep resistance and structural 
stability at high temperature. Since the metal 
remains the continuous phase, other properties 
such as ductility and workability are still metal- 
lic in nature. 

Although this method of strengthening first 
made its appearance some ten years ago in the 
aluminum-aluminum oxide system (the familiar 
SAP-type alloys), the technique is now getting 
more attention for other alloy systems. A 
copper-alumina alloy (10% by volume) pre- 
pared by mechanical mixing, is 9.5 times as 
strong as pure copper at 450°C. (840° F.) and 
14 times as strong at 530° C. (1000° F.). (These 
values are determined on basis of stress to give 
100 hr. life.) When the nickel-alumina alloy 
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was compared to Inconel 700, the former was 
twice as strong at 1900°F. Efforts to apply 
this technique to the refractory metals using 
chromium oxide, zirconia and titania as well 
as alumina have just started, but Dr. Zwilsky 
predicted that the real potential of dispersion 
hardened structures would be realized for ultra- 
high-temperature applications. 

Metal Fiber-Ceramic Composites — Ceramics 
and metals may be combined to utilize the 
desirable characteristics of each. J. R. Tinkle- 
paugh, Alfred University, reported that ceram- 
ics reinforced with metal fibers have much bet- 
ter thermal shock properties than the pure 
ceramic material. However, due to the fairly 
rapid oxidation of refractory metal fibers, these 
composites are limited to short-time applica- 
tions. Typical materials are alumina reinforced 
with molybdenum or tungsten fibers, 1% in. long 
and 0.002 in. diameter. 

Improved Graphite — Pyrolytic graphite is a 
useful new high-temperature material. In a 
sense, it can be looked on as a rediscovered 
material because it was patented years ago by 
Thomas A. Edison as a filament for his light 
bulbs. R. J. Diefendorf of General Electric Co. 
summed up the properties of pyrolytic graphite 
by stating that it is ten times stronger than 
commercial graphite in two directions along the 
plane, but weak in the third direction perpen- 
dicular to the plane. 

Tensile, transverse and bend tests show that 
the strength of pyrolytic graphite is constant at 
about 20,000 psi. up to 2250°C. (4100° F.) in 
the strong directions. Above 2250° C., the ma- 
terial becomes ductile and strength increases. 
At 2750° C. (5000° F.), the load on a pyrolytic 
specimen was 61,000 psi. when the holders 
failed. 

Pyrolytic graphite has a higher thermal con- 
ductivity than copper in two directions in the 
horizontal plane and lower conductivity than 
titania in the third (perpendicular) direction. 
This is a valuable property to distribute heat 
away from hot areas in space vehicles (see p. 
68). Another characteristic is its superior oxida- 
tion resistance. It will outperform commercial 
graphites by a factor of 20 at 500° C. (930° F.) 
in an oxidizing atmosphere. Several companies 
are now producing pyrolytic graphite in sheets 
and plates of relatively large dimensions. 


High-Strength Steels 


Progress is also being made to raise the 
strength levels of steels for advanced aircraft 
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and missile structures. Cold rolled stainless 
steels can attain strength levels higher than 
other structural steels; there is considerable un- 
explored potential here. Type 301, the least 
stable of the conventional austenitic stainless 
grades, is of particular interest because high 
strength with acceptable ductility is obtained 
through cold work. 

The precipitation hardening stainless steels 
can develop higher strength with better ductil- 
ity through cold rolling than can Type 301, ac- 
cording to R. A. Lula of Allegheny Ludlum 
Steel Corp. The amount of cold working re- 
quired to attain the same strength level is also 
less for precipitation hardening steels. This 
opens up possibilities of work hardening by 
methods other than cold rolling — shear spin- 
ning, for example. Here, forming not only 
gives the shape needed but also work hardens 
the metal to high strength levels. 

When cracks develop from flaws in high- 
strength alloys, they can extend at rapid rates 
under low stresses to cause premature failures. 
Mr. Lula reported that notch toughness proper- 
ties of cold rolled Type 301 are good at ordinary 
temperatures as well as at —320 and —423° F. 
Also, recent tests show that the notched proper- 
ties of cold rolled precipitation hardening stain- 
less steels are satisfactory at extremely high 
strength levels. 

High-Strength 5% Cr Steels — There are now 
at least 18 company specifications for 5% Cr 
structural steels plus two A.M.S. specifications 
(6437 for sheets and 6485 for bars and billets). 
In discussing applications for this type of alloy 
in aircraft and missile structures, John C. 
Hamaker, Vanadium-Alloys Steel Corp., stated 
that the B-70 Mach-3 bomber is designed using 
5% Cr steel in the landing gear and for major 
hydraulic and structural components of the 
airframe. 

The main reasons for its selection were its 
good transverse properties and extremely deep 
hardenability for the huge sections involved 
(material air hardens fully through sections as 
heavy as a 20-in. cube). Other properties of 
interest are its heat resistance and good fatigue, 
impact and notch toughness characteristics at 
the high strength levels needed for minimum 
weight. Makers of landing gears prefer the 
5% Cr type because it can be tempered to com- 
plete the transformation of retained austenite, 
thus eliminating danger from formation of brit- 
tle martensite during service. It can also be 
baked without loss of strength at temperatures 
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Fig. 1—More Than 
Six Million of These 
Auto Parts Have Been 
Welded by the Carbon 
Dioxide Process in an 
Automatic Operation 


up to 1000° F. to relieve stress or hydrogen em- 
brittlement after grinding or plating operations. 

The need for thin, lightweight rocket motor 
vases is pushing design and fabrication studies 
on pressure vessels of 5% Cr steels. (See Metal 
Progress for November and December 1959. ) 
Mr. Hamaker reported that vacuum melting is 
increasing ductility and toughness on this type 
of alloy by 50 to 300% at the 300,000 psi. tensile 
strength level, which is encouraging applica- 
tions in higher strength designs. 


New Fabrication Methods 


A new idea for brazing honeycomb struc- 
tures, discussed by H. Ross Wiant of Avco 
Corp., is the application of brazing alloys to 
honeycomb core by electroplating. Most of 
the work has been done on silver-copper-nickel 
brazing alloys for application to core of PH 15- 
7 Mo stainless. Metals making up the brazing 
alloy are plated individually in thicknesses re- 
quired to produce the composition needed after 
diffusion. The plating technique puts the filler 
metal where it’s needed in the required amount. 

The method is ideal for René 41 which nor- 
mally requires plated surfaces for adequate 
brazability. Also, it holds great potential for 
refractory metal honeycomb because it permits 
joining with oxidation protection. 

Welding With CO, —In more conventional 
joining operations, the carbon dioxide shielded 
are process is rapidly becoming one of the 
major welding methods used in industry. The 
reasons, given by John P. Koss of A. O. Smith 
Corp., are (a) It produces weld metal of high 
quality, (b) the deposition rate is high, making 


JUNE 1960 


the process economical, (c) it has deep pene- 
trating characteristics, and (d) the arc is visible. 

The process is used mostly for welding car- 
bon and low-alloy steels. Although it’s primar- 
ily applied for lap, butt and fillet welding of 
lighter gage steels (1/16 to 1/2 in. thick), Mr. 
Koss said that laboratory tests have indicated 
that the process is feasible for welding heavy- 
gage steels (over 1 in. thick). Figure 1 shows 
an automotive part welded by the CO, process. 

Improved Casting Practice — A laboratory at 
Chance Vought Aeronautics in Dallas is pio- 
neering new foundry practices for casting im- 
peller wheels and other parts which are difficult 
to machine and have been considered impossi- 
ble to cast. This pilot facility, as described by 
Herbert Greenewald, is to be used only in de- 
veloping methods for guidance of foundry 
subcontractors. However, engineers at the 
laboratory are making the impossible work by 
violating all the standard rules for casting de- 
sign. Impeller wheel castings of steel with 
tensile strength of 260,000 psi. are produced 
with blades 0.020 in. (0.005 in.) thick, web 
sections of % to 34 in. thick with 0.005-in. radius 
fillets and small cored holes. Castings are free 
from segregation and surface defects. 

These revolutionary results are being ob- 
tained on a pilot-plant scale by using hot ce- 
ramic molds, melting in a carbon arc furnace 
with atmosphere of low-pressure argon, pouring 
under argon atmosphere, employing gas-free 
alloys, and heat treating with long cycle (up 
to 60 hr. at 1900° F.) for full austenization with- 
out grain growth. Intensive study is being de- 
voted to mold preparation with some castings 


68-C 


4 
i 


requiring a composite mold having as many as 
74 pieces. Zirconia and cermet mold materials 
are under development. 


Progress in Testing 


The program of the Society for Nondestruc- 
tive Testing was devoted largely to new and 
unusual equipment as well as interesting varia- 
tions of familiar methods. For example, the first 
session was highlighted by two talks on intrigu- 
ing variations of standard equipment. It is 
now possible, reported J. L. Minos of Convair, 
to make slow-motion pictures of sealed com- 
ponents operating at high speeds. “Light” for 
the high-speed camera (7000 frames per sec.) 
is provided by X-rays. The film must have high 
contrast; this is necessary because the moving 
parts (operating in the closed chamber being 
examined) must be easily distinguished from 
each other. The setup was devised so that 
sealed components for the Atlas missile could 
be inspected while in operation. 

Another device discussed should interest vir- 
tually every metals engineer. Referred to as 
a “microprobe analyzer” by L. S. Birks, Naval 
Research Laboratory, it is a device for making 
chemical analyses in very small areas. Essen- 
tially, it is a modified electron microscope. 
When operating, a beam strikes the desired 
area and X-rays are emitted. Since each ele- 
ment has its own characteristic vibration, the 
equipment can be preset to receive the desired 
frequency. Results are recorded on film sensi- 
tive to X-rays. In the device described by Mr. 
Birks, the beam can be swept back and forth 
across the specimen to pick up variations in 
analysis. 

So far, the laboratory has used the setup to 
study phase changes, diffusion, segregation, and 
thin films. Layers 50 to 5000 Angstroms thick 
can be analyzed for any element from sodium 
to uranium, and amounts as small as 10°" g. (in 
areas one micron in diameter) can be deter- 
mined. With such specifications, it is easy to 
imagine many uses for this piece of equipment. 

Another item which seems likely to attract 
the notice of the metals engineer is the “Elasto- 
mat”, a device which can be used to determine 
the various elastic constants in many materials. 
According to R. H. Kenton of Magnaflux Corp., 
operation of this instrument is based on reson- 
ance phenomena. The specimen—it can be 
any kind of solid or even a honeycomb struc- 
ture — is suspended between two stainless steel 
wires. Then, it is set to vibrating by an oscil- 
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lator which can be operated anywhere between 
600 and 25,000 cycles per sec. The vibrations, 
which are characteristic of the material, are 
counted electronically. Through appropriate 
calculations, the elastic constants, such as mod- 
ulus of elasticity, shear modulus and damping 
factor can be determined. Since the specimens 
can be held in an oven or a refrigerator, these 
constants can be obtained over a range of 
temperatures. 

Eddy Current Tests—Several talks con- 
cerned the use of eddy current tests for non- 
destructive inspection. In comparing that type 
of test with fluorescent methods, R. L. Lipe, 
Oklahoma City Air Material Area, stated that 
the former technique was more successful at 
revealing various defects in turbine wheels. 
According to Mr. Lipe, eddy current tests can 
reveal thin cracks (including those filled with 
oxides), intergranular oxidation, and variations 
in grain size. 

An instrument which employs eddy currents 
to measure conductivity (the FM-100) was used 
in an extensive investigation of overaged forg- 
ings made from 7075-T 6 aluminum alloy. As 
reported by D. D. Seltzer, Martin Co.: “A sig- 
nificant relationship was found between degree 
of overaging and conductivity.” However, 
specimen thickness, cladding and “lift-off ad- 
justment” affected the conductivity readings. 
These variables, as a consequence, must be con- 
sidered when applying such measurements as 
a quality control method. There is hope, how- 
ever, that conductivities can be correlated with 
mechanical properties such as hardness, yield 
and tensile strength. 

Favorable comments concerning eddy cur- 
rent tests were also given by W. A. Black of 
Republic Steel Corp. In his comparison of 
various test methods — hydrostatic, magnetic 
particle, ultrasonic, radiographic, and eddy 
current — Mr. Black reported that no one 
method was entirely satisfactory by itself. (For 
instance, hydrostatic methods were relatively 
ineffective when the defect did not go all the 
way through the wall.) However, eddy current 
methods gave the best combination of charac- 
teristics needed in steel mill testing. He then 
described Republic's “Farrowtest” (see Metal 
Progress, April 1959). Named in honor of the 
late Cecil Farrow, this device has been used 
for many years to locate surface defects in tubes 
up to 16 in. diameter. In this test, the tube is 
magnetically saturated by a d-c. coil to increase 
the sensitivity of the test to actual defects. © 
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tals on the Move to the Future 


Columbium Alloys Today 


In columbium alloys, a metal system of great importance 


By L. P. JAHNKE, R. G. FRANK 
and T. K. REDDEN* 


is moving toward engineering applications. Its potential 
has been touched lightly, so far, but the great effort now underway promises 
to expand knowledge on the alloys rapidly. 


Donne THe past many technolo- 
gies have leapt forward, but none more remark- 
ably than metallurgy with the rapid emergence 
of several new metal systems. Columbiumt is 
the most recent of these and this article will 
describe the status of its development for those 
who are interested in progress being made but 
are not intimately associated with the work. 


Evolution of the Metal 


Before 1955, scarcity of columbium and lo- 
cation of its ore deposits created both economic 


*Mr. Jahnke is manager, metallurgical engineer- 
ing, Mr. Frank is manager, columbium project, and 
Mr. Redden is physical metallurgist, applied re- 
search operation, Flight Propulsion Laboratory 
Dept., General Electric Co., Cincinnati, Ohio. 

+Known as niobium to some. The origin can be 
traced to a small group of itinerant alchemists in 
Southern France with a congenital tongue defect 
causing difficulty in pronouncing hard “c”. The 
word was eventually admitted into the modem 
jargon of the chemical fraternity, but “niobium” 
is now archaic. 
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The future promises much. (Q-general; Cb-b, SGA-h) 


and governmental pressures to eliminate it 
from the shelves of laboratories engaged in 
alloy development efforts. Then in the mid- 
fifties large deposits of columbium ore were 
discovered on this continent and on others. It 
was one of the many positive gifts to humanity 
that have come from our efforts to satisfy the 
peculiar metallurgical needs of nuclear energy. 
These discoveries increased the known colum- 
bium reserves to an amount which rival those 
of nickel. Suddenly, a new engineering mate- 
rial became available to the world! 

As usual, not many took rapid advantage of 
this situation. But during the past five years 
an increasing number of metallurgical groups 
have been hard at work searching out the metal- 
lurgical possibilities of columbium-base alloys. 
These groups are now aware that it is an attrac- 
tive metal for many advanced uses, and more- 
over, it is quite amenable to improvement of 
its weaknesses by alloying. As we enter the 
1960's, no metal system has more vitality than 
the columbium one, or holds more potential for 
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By 1970 to 1975 cclumbium alloys will be 
employed for most of the 1900 to 2600° F. 
structural applications. They will also re- 
place many present materials in nuclear 
power reactors and will find numerous appli- 
cations in electronics. Total use will amount 
to several million pounds of mill products 
per year and alloy cost will drop to $15 to 
$20 per lb. Processing by arc melting will 
gradually give way to more adaptable and 


Prediction of Things to Come in Columbium 


economical powder metallurgy methods, and 
most sheet rolling will be done in inert atmos- 
pheres. By 1975, the majority of our prog- 
ress in alloy development will have been 
made. Thereafter, improvements will be in 
small increments, generally toward highly 
specialized applications. Between now and 
then, columbium will be a field of opportun- 
ity for the metallurgist, and his products will 
be gratefully received by the design engineer. 


helping us perform the many difficult feats we 
now find desirable, especially in the fields of 
nuclear energy, space exploration, and re-entry. 

The emergence of columbium into plenty 
seems almost providential to those beset by the 
problems in the above fields. As its cost is 
reduced, and as knowledge of the properties 
of the metal spreads, applications for colum- 
bium alloys will grow. The following are 
among those being considered or planned. 
Others are classified or proprietary. 

1, Jet engine turbine and afterburner parts. 

2. Nuclear power reactors. 


3. Ramjet nozzles. 
. Space power generators. 


5. Vehicles for glide re-entry. 


Why Columbium Is Attractive 


The potential of the columbium alloy system 
is best reflected by five key characteristics of 
the metal itself: 

* High Melting Point —Its melting point of 
4470° F., while not the highest of metals, is high 
enough to assure that columbium alloys with 
useful strength up to 3000° F. can be developed. 

* Good Intrinsic Ductility — The relatively 
pure metal can be cold rolled and has an impact 
transition temperature below —100°F. It is 
also insensitive to interstitial impurities, unlike 
the other refractory metals except tantalum. 

* Reasonable Chemical Inactivity — The 
metal is resistant to many acids and to liquid 
metals. Unfortunately, it is not very resistant 
to hot air (above 1200° F.) but still is one of 
the three most oxidation resistant refractory 
metals. (Tungsten and tantalum are the others. ) 

* Low Capture Cross Section for Thermal 
Neutrons —In this property it has the lowest 
value of refractory metals. This is important in 
the nuclear field, because reactors must get 
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hotter to be more efficient and compact. 

* Low Density (7.87 g. per cc.) — This value 
is about the same as iron, and is the lowest of 
the refractory metals. This is of great import- 
ance in air and space applications. 


Early Problem Areas 


Rapid progress has been made with colum- 
bium in the past three years, helped greatly by 
previous years of experience with molybdenum. 
However, problems confronting the early 
columbium investigator, both known and un- 
known, were quite formidable and considerable 
effort was required to attain today’s status. 

Even after the announcement in late 1955 
of large new sources of columbium ore in the 
form of both columbite and pyrochlore deposits, 
the price and availability of columbium metal 
almost precluded its extensive use. The price 
of the metal ranged from $125 per Ib. for 
powders to $250 per Ib. for vacuum sintered 
and worked rods. Because the production 
facilities used then were the same as those used 
for tantalum, delivery schedules were a night- 
mare for the anxious metallurgist. Deliveries 
of four months for columbium powder and six 
months for rod were not uncommon. 

Depending upon the source, quantity, and 
purity, tle current prices of columbium powder 
will vary from $25 to $40 per Ib. and mill 
products of unalloyed columbium and com- 
mercial alloys range from $80 to $125 per |b. 
In addition, the delivery of powder can now be 
expected in two to four weeks and mill prod- 
ucts in two to three months. The long delivery 
of mill products still exists because the many 
specifications in use by the industry prohibits 
stockpiling by the producers. 

In this discussion, comments on purity refer 
to the amount of interstitial elements present 
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(C, O, N), although other trace ele- 
ments are important for nuclear 


Table I — Progress Made in Control of Interstitials 


in Columbium, 1955 to 1960 


considerations. With the exception 
of zirconium, found as a residual 


impurity from certain ores, other ELEMENT 


metallic elements are generally at 
acceptable levels. The interstitial 
purity of the metal is related to 
its form. The high level of inter- 


stitial elements present in colum- Tout 
ota 


Nitrogen 


1955 1960 


VacuUM —200 MEsH 


—325 | SINTERED | —20 HiGu-Purity 


PowDER* Rop* PowDER* PowpveErRt 


. | 250 ppm. | 500 ppm. 
| 50 200 
250 200 
550 900 


bium powder at first prohibited its 
use for production of are cast 
alloys, while the use of vacuum 
sintered solid rods and “pills” made 
homogeneous alloying exceedingly 
difficult in arc melting. To indicate progress 
made by powder producers, typical interstitial 
levels of columbium in 1955 and 1960 are 
shown in Table I. 

The optimum powder now produced for arc 
melting (based on purity and ease of alloying) 
is about —20 mesh. Fine-mesh powders (—325) 
can be produced for powder metallurgy con- 
solidation, and although slightly higher oxygen 
and nitrogen contents are to be expected, they 
are not as high a level as shown in Table I 
for 1955. Relatively low interstitial values are 
now possible in fine powder by the comminu- 
tion of high-purity electron beam melted colum- 
bium ingots. 

With increased competition for today’s rela- 
tively small columbium market, production 
facilities have increased and extractive proce- 
dures have improved so that the present picture 
on price, availability, and purity is a bright one. 
Five major suppliers are now producing colum- 
bium powder of good quality. 


Problems of Processing 


There is no general set of processing pro- 
cedures for all columbium alloys because of 
their wide variation in properties. For un- 
alloyed columbium and alloys with similar good 
ductility (and low strength), arc cast ingots can 
be warm forged (2000 to 2300°F.) to billets 
and cold rolled at room temperature to bar or 
sheet. The most serious problem here is 
production of ingots for forging which are 
homogeneous, fine-grained and free of porosity. 
Another problem is careful conditioning of the 
sheet bar to eliminate areas which have dis- 
solved oxygen during the warm forging oper- 
ation. If these areas are not removed, the 
finished sheet will contain isolated sections of 
material with little or no rcom-tem»erature 
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*Carbon reduction. 
+Comminution of electron beam melted ingots. 


ductility, which will be subject to failure during 
forming and rolling. These problems can be 
controlled in competent production plants. 

With high-strength columbium alloys, many 
problems associated with processing of molyb- 
denum are encountered, as well as others 
peculiar to columbium. Since columbium is 
generally more highly alloyed than molybde- 
num, it is more difficult to arc cast homoge- 
neous ingots. However, by use of electrodes 
of blended powders and through proper con- 
trol of arc power, melt-off rate, pressure and 
stirring, excellent quality ingots are being pro- 
duced containing elements which have either 
high melting point (such as tungsten) or high 
vapor pressure (such as aluminum). 

Ingot breakdown of columbium alloys is 
much more difficult than with unalloyed metal; 
hot extrusion at about 2800° F. is the preferred 
method. Rolling high-strength alloys is also 
carried out at elevated temperatures; lamina- 
tions, 45° cracking and poor surface condition 
have caused problems. By far the most 
troublesome difficulty has been the contamina- 
tion of the surface from exposure to high- 
temperature air during the extrusion and rolling 
cycles. Rapid induction heating for extrusion 
helps avoid this, but “in-process” coatings to 
prevent oxidation are a necessity for rolling 
thin, high-strength sheet. Several such coatings 
have been developed. A serious problem in 
processing refractory metals is the general 
lack of good high-temperature (4000° F.) inert- 
atmosphere furnaces for rolling and annealing. 


Difficulties With Testing 


Early investigators in the columbium alloy 
field were constantly plagued by erratic test 
results. These were later attributed to residual 
oxygen in the testing atmosphere which dis- 
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solved in the specimens and strengthened them 
— obscuring the effect of carefully contrived 
variations in composition. As an example, a 
10% Mo, 90% Cb alloy had 100-hr. strength at 
2000° F. of 16,000 psi. when tested in a good 
dynamic vacuum. When tested in tank argon, 
its strength was more than doubled. 

It is necessary that high-temperature testing 
be done in a dynamic vacuum of at least 
10 mm. Hg to avoid spurious results. This is 
especially true for long-time tests. Precautions 
may be necessary in hot wall furnaces to avoid 
vacuum plating of nickel and chromium on 
columbium from materials in the furnace wall. 


Alloy Design in the Columbium System 


The research metallurgist working on colum- 
bium alloys in 1955 was faced with a real chal- 
lenge. Not only was there a lack of funda- 
mental knowledge in the form of constitution 
diagrams, data on diffusion rates, and strength- 
ening or oxidation mechanisms, but with one 
exception*, he also lacked the empirical knowl- 
edge of alloying effects which usually precedes 
fundamental understanding. 

Alloy development studies conducted since 
1955 have resulted in appreciable empirical 
knowledge on the effects of various alloying 
elements. With high strength as a goal, the 
following conclusions (some of which are illus- 
trated by Fig. 1) appear useful at this time: 

1. Zirconium may be present in unalloyed 
columbium in dilute quantities. It has been 


*“Initial Investigation of Columbium and Colum- 
bium-Base Alloys”, by H. A. Saller, J. T. Stacey 
and S. W. Porembka, BMI-1003, Battelle Memorial 
Institute, May 1955. 
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F-48 (15% W, 
/ 5% Mo, 1% Zr) 
— (1 5% Mo, 1% Zr) 


10% Mo 
1% Zr 


10% Ti 
Unalloyed Cb 


Fig. 1 — Stress-Rupture Properties 
of Cb Alloys and Unalloyed Metal 
at 2000°F. Arc melted mate- 
rial, swaged to %-in. diameter rod 


found to contribute significantly to strength. 

2. Titanium as low as 5 to 10% significantly 
improves oxidation resistance and, in most 
instances, helps workability, but it weakens 
rather than strengthens columbium alloys. 

3. Tungsten and molybdenum are effective 
in strengthening the solid solution at high tem- 
perature. They also contribute moderately to 
oxidation resistance. 

4. Elements which confer the greatest oxida- 
tion resistance, such as chromium, aluminum, 
silicon and titanium, have resulted in either 
brittle, unworkable or weak alloys. 

5. Carbide and oxide dispersions in colum- 
bium alloys greatly improve high-temperature 
rupture and creep strength. 

The strengthening mechanisms which have 
been found for columbium alloys are similar 
to those for the other high-temperature and re- 
fractory metal alloys, namely — solid-solution 
strengthening, work hardening and dispersion 
hardening. All three mechanisms are com- 
bined in the strongest columbium alloys. 


Future Alloy Design for High Strength 


The design of improved columbium alloys 
will undoubtedly also combine all strengthen- 
ing mechanisms and utilize the principles to 
better advantage as more is learned about 
effects and interaction of alloy additions. For 
example, the addition of high-melting-point 
elements, such as tungsten and molybdenum, 
is most beneficial in increasing high-tempera- 
ture strength — presumably because the higher 
melting elements have less atomic mobility. 

Greater use of carbon, and perhaps oxygen, 
as alloy additions to react with carbide and 


METAL PROGRESS 


: 
— 
ont Ba 
a 
a 
0.1 1 100 
i 
| 


> @ N > 


Ultimate Tensile Strength, 1000 Psi. 


0 400 800 1200 1600 2000 2400 
Temperature, °F. 


Fig. 2— Tensile Strength of Columbium Alloys 


oxide formers, such as titanium and zirconium, 
may be expected. Such an approach, based on 
previous experience, will increase the recrystal- 
ization temperature and strengthen the alloy 
due to dispersion of carbides and oxides. The 
selection and balancing of carbide-forming ele- 
ments to produce more stable dispersions of 
complex carbides offers a fruitful field for 
further work. In addition, the relatively un- 
explored field of true precipitation hardening 
alloys based on formation of intermetallic com- 
pounds must be studied. 

The future for development of columbium 
allovs is bright, particularly since the initial 
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Ultimate Tensile Strength, 1000 Psi. 


Unalloyed 
(Electron-Beam Melted) 
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Temperature, °F. 


Fig. 3— Tensile Strength of Cb Alloys 
Compared With Unalloyed Columbium 


efforts quickly produced alloys competitive with 
those based on molybdenum, which had been 
under study for many years. As some indi- 
cation of future possibilities for columbium 
alloys, the ultimate tensile strength of a propri- 
etary General Electric experimental alloy, 
designated AS-10, is shown in Fig. 2. 
Although not as yet fully understood, it has 
been found that substantial increases in strength 


Table Il — Today’s Columbium Alloys 


NAME 
oR CopE 


NOMINAL COMPOSITION 


DEVELOPER OR PRODUCER STATUS 


FS-82 | 33% Ta, 1% Zr 
1% Zr | 0.75-1% Zr 
F-48 | 15% W,5% Mo, 1% Zr 


F-50 | 15% W,5% Mo, 1% Zr, 5% Ti | General Electric Co. 


D-31 10% Ti, 10% Mo 

Cb-7 28% W, 7% Ti 

Cb-16 | 20% W, 10% Ti, 3% V 
Cb-65 | 7% Ti, 0.8% Zr 

Cb-74 | 10% W, 5% Zr 


| Fansteel Metallurgical Corp. | Commercial 

| Widely studied* Commercial 

| General Electric Co. Pilot production t 
Pilot production t¢ 

| Pilot production 

| Laboratory 
Laboratory 

| Pilot production 

| Laboratory 


DuPont Co. 
Union Carbide Metals Co. 
| Union Carbide Metals Co. 


| Union Carbide Metals Co. 
| Union Carbide Metals Co. 


*Alloys containing 0.75 to 1.04% Zr have been evaluated by most concerns working in this 
field. The alloy was originally discovered because of zirconium’s occurrence in columbium 
ore and its carryover into the reduced metal. 

tAlloys in pilot production have been arc melted in 4 to 6-in. diameter ingots and converted 
to bar and sheet. Mill products of General Electric’s alloys have been produced for internal 


consumption. 
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are possible through heat treatment. Work at 
General Electric in late 1957 on F-44 alloy 
(15% Mo, 1% Zr) showed that a 20% increase 
in 100-hr. stress-rupture strength at 2000° F. 
was possible by a high-temperature vacuum 
heat treatment, compared with conventionally 
cold worked material. A more precise knowl- 
edge of phase relations will permit practical 
use of these effects of heat treatment. 


Today’s Columbium Alloys 


A number of columbium alloys have been 
disclosed by laboratories working in this field 
and some are being produced on a commercial 
basis. Table II gives the most promising of 
these. These alloys are not the only known 
columbium alloys; they either hold the most 
promise for high-temperature use or best de- 
scribe the various classes of alloys. 

Since a majority of the proposed applications 
for columbium alloys require service at ele- 
vated temperatures, their tensile and _stress- 
rupture properties are of great interest. Fig- 
ures 2 and 3 compare the tensile properties 
of some of the alloys of Table II. A compari- 
son of unalloyed arc melted and electron beam 
melted columbium is possible in Fig. 3. 

The stronger columbium-base alloys com- 
pare favorably with alloys of other refractory 
metals, at least to 2500° F. Alloys Cb-16 and 
Cb-74 are not shown on the charts because of 


Fig. 4 — Stress-Rupture Properties of Colum- 
bium Alloys at 2000° F. Test made in vacuum 


insufficient data; however, tests at 2200° F. 
giving ultimate tensile strength of 35,000 to 
45,000 psi. indicate they are among the stronger 
alloys. The tensile ductility of all the alloys in 
Table II is above 10% elongation at room tem- 
perature. Tensile transition temperature has 
not been measured but is obviously below 
room temperature when normally processed. 

Tensile properties shown in Fig. 2 and 3 
were determined on bar stock with tests con- 
ducted in vacuum or purified argon atmos- 
pheres. The properties reported are for mate- 
rial which has been warm or cold worked and 
stress-relieved, so that any strengthening due 
to strain hardening occurs below the recovery 
or recrystallization temperature. 

Of considerable interest would be a com- 
parison of the properties of columbium alloys 
in sheet and bar form. However, at this stage 
of development such comparisons are lacking. 
Preliminary results on F-48 in sheet form have 
given tensile and rupture strength at 2000 to 
2200° F. only 5 to 10% lower than bar stock. 

The stress-rupture properties of some of the 
alloys of Table II are only sketchily known at 
this time. The alloys are compared at 2000° F. 
in Fig. 4. Figure 5 gives data available at 
2200°F. These alloys demonstrate strength 
which makes them very promising candidates 
for high-temperature service. 6 

(Eprror’s Note—In next month’s issue of 
Metal Progress, the authors will present addi- 
tional data on columbium-base alloys including 
modulus of elasticity, transition and recrystal- 
lization temperatures, oxidation behavior, sur- 
face contamination effects and information on 
coatings and joining techniques. ) 


Fig. 5 — Stress-Rupture Properties of Colum- 
bium Alloys at 2200° F. Tests made in vacuum 
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4137 Co- 
a New Steel for Rocket Motor Cases 


By G. K. BHAT* 


Essentially a 4100 type with added cobalt and silicon, this steel 
can be heat treated to yield strengths of 225,000 to 235,000 psi. 

It can be machined, deep drawn, and welded with little difficulty, 
and has virtually no notch sensitivity. Rocket motor cases 

made from this steel have passed all pressure requirements 


CoNTINUALLY SEARCH for 
the ultimate in materials for rocket motor cases. 
In line with this quest, we have been attempt- 
ing to evolve new ultra-high-strength steels. 
This work has led to a new alloy steel which 
can be readily fabricated. Based on A.L.S.1. 4100 
composition and modified essentially by 1% 
each of cobalt and silicon, this steel, which we 
term 4137 Co, is easily made by conventional 
melting practice. Manufacturers of rocket 
motor cases and other items requiring ultra 
high strength should find it extremely useful. 

In developing this steel, we began by at- 
tempting to get an insight into brittle failure 
and heterogeneity in the matrix of steel heat 
treated to yield strengths of 220,000 to 240,000 
psi. To do this, we compared tests of A.I.S.I. 
4137 (a lean alloy steel) and H-11, a medium 
alloy steel. So that test variables were the same 
for both steels, we heat treated uniaxial tensile 
coupons and deep drawn chambers (5.7 in. 
diameter, 0.050 in. wall thickness, and 27 in. 
long, with no welds) to six different strength 
levels, and compared the uniaxial and biaxial 
properties. As is evident in Table I, burst pres- 
sures of H-11 steel chambers were higher than 
4137 and 4137Co chambers, but the biaxial 
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with ease. (Q-general, 2-60, T2p; AY) 


yield strength was significantly lower as the 
strength level increased. At 240,000 psi., the 
H-11 chambers failed prematurely, the vessel 
shattering into several pieces. 

From these studies, we decided that the 
chances for obtaining very high biaxial strength 
were greater in a low-alloy steel. Further, the 
steel composition must be so balanced that the 
matrix (when heat treated over 220,000 psi. 
yield strength and stressed) should distribute 
the stresses evenly and yield homogeneously. 
The latter point is illustrated by the tests we 
conducted on deep drawn ellipsoidal heads of 
various steels heat treated to 210,000 to 240,000 
psi. (In such tests, stresses change with the 
head configuration as internal pressure in- 
creases.) As Table II shows, low-alloy steels 
performed considerably better than high-alloy 
steels under these complex multiaxial stresses. 


Analysis of 4137 Co 


A typical analysis of 4137 Co (now commer- 
cially available as UCX-2, Universal Cyclops 
Steel Corp.) is: 0.39% C, 0.70 Mn, 1.00 Si, 0.010 
P, 0.010 S, 1.10 Cr, 0.25 Mo, 0.15 V, 1.00 Co. 


*Fellow, Mellon Institute of Industrial Research, 
Pittsburgh. 
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Table I — Comparison of Uniaxial and Biaxial Properties of 4137 Co, 
H-11 and A.LS.I. 4137 Steels 


UNIAXIAL STRENGTH 


INTERNAL PRESSURE 


MaxiMuM BIAXIAL STRENGTH 


STEEL 


YIELD* ULTIMATE | AT Ymup | Ar Burst 


YIELD Burstf 


| 


H-11 202,000 296,000 (a) 


Target, 0.2% Offset Yield Strength of 230,000 Psi. 
279,000 4210 | 4710 
H-11 172,000 286,000 3360 | 5480 
4137 (6) son 
Target, 0.2% Offset Yield Strength of 220,000 Psi. 
4137 Co | 186,000 267,000 4150 | 4550 
H-11 159,000 263,000 | 3300 | 5400 
4137 | 153,000 228,000 | 3600 | 4350 
Target, 0.2% Offset Yield Strength of 210,000 Psi. 
4137 Co | 176,000 234,000 | 3860 | 4290 


4137 Co | 200,000 


| 


4137 141,000 | 219,090 | 3580 


H-11 152,000 | 243,000 | 3200 | 5050 


Target, 0.2% Offset Yield Strength of 240,000 Psi. 
4137 Co | 219,000 psi. | 283,000 | 4320 psi. | 4830 


3900 


| 246,000 psi. 275,000 
| — 


| 240,000 270,000 
191,500 312,400 


| 236,600 | 259,000 
188,000 
| 205,000 


182,000 


220,000 | 
202,000 | 


*0.01 % offset 


(a) All three cases fractured prematurely below 3450 psi. 


{Calculated (6) Could not be heat treated to this strength level. 


The effect of alloying elements on the physi- 
cal and mechanical properties is worth a brief 
comment here. Within limits, the strength of 
a steel increases proportionately with increase 
in carbon content. To get a minimum yield 
strength of 220,000 psi., the steel must contain 
about 0.40% carbon. More carbon than this 
impairs ductility, toughness, and weldability of 
steels unless the excess is tied up by elements 
which form carbides or stabilize the structure 
in some other manner. 

Another way to get high yield strength is by 
adding silicon and elements which have an 
effect similar to silicon. Silicon retards the 
tempering reaction and the formation of cem- 
entite, which in early stages of tempering 
causes a certain type of brittleness. We have 
noticed that cobalt acts to retard tempering. 
It also strengthens ferrite in a manner similar 
to nickel, without, however, conferring the 
strain hardening characteristics. 

The primary function of alloying elements in 
steels is to increase the hardenability and matrix 
strength. Increase of yield strength without 
commensurate increase in tensile strength does 
not pay off under biaxial or multiaxial stress 
conditions. This is important when modifying 
steel content for better strength. 

Likewise, an increase of hardenability through 
alloy additions is to be watched. Missile 
steels should have just enough hardenability, 
and no more. Otherwise, quenching and tem- 
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pering stresses greatly contribute to hetero- 
geneity and unbalanced stress fields under mul- 
tiaxial test conditions. Distortion of the case 
also becomes an aggravated problem. For these 
reasons, all elements which affect the harden- 
ability must be closely controlled. 


Effects of Other Alloying Elements 


As for separate effects of the elements, man- 
ganese does not help weldability, and 0.80% 
is perhaps the maximum permissible in a modi- 
fied 4100 series composition. Nickel over about 
1% acts to retain austenite in quenched low- 
alloy steels; in many instances, it may be re- 
placed by molybdenum. Though vanadium is 
added primarily to restrain grain growth in 
weldments, it also intensifies the action of the 
other alloying elements in steel. Chromium in 
amounts up to 2% improves strength and re- 
tards tempering of hardened steels. However, 
unless high-temperature properties are desired, 
more than 1.5% chromium is considered un- 
necessary in low-alloy high-strength steels. A 
noteworthy effect of molybdenum is that it in- 
creases the reduction of area in tensile tests of 
heat treated low-alloy steels. Like vanadium, 
molybdenum also intensifies the effects of major 
alloying elements in steel. 

Our effort to keep the various alloying ele- 
ments in balance was apparently successful. 
The Jominy hardenability of 4137 Co steel is 
Rockwell C-55 at 1/16 in. and Rockwell C-52 
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at 15/16 in. Further, the steel 
full hardens to approximately 
13/16 in., which is adequate 


for most missile applications. STEEL 
Heat Treatment of 4137 Co 
A.LS.1. 4137 
The results of an austenitiz- 
ing and tempering survey for AMS. 6434 


4137 Co steel are shown in Fig. 
1. This steel must be austeni- 
tized between 1700 and 1725° 
F., the proper temperature de- 


2% Cr air 


pending on section size and H-1] 
prior condition. Then it is 
quenched for about 10 min. 4137 Co 


in oil or in salt maintained at 
400° F. and then air cooled to 
room temperature. 

Double tempering is recom- 
mended since the material should be tempered 
in the 500 to 600° F. range for the best combi- 
nation of mechanical properties. The amount 
of austenite retained is negligible. 

A point of special interest: Though the 
cobalt-silicon alloy combination seems to delay 
the start of austenite transformation, this reac- 
tion is completed in less time; this effect is in 
contrast to reaction kinetics of A.I.S.I. 4140. 
Both occurrences are advantageous — the for- 
mer in quenching, the latter in spheroidize- 
annealing. 

The new steel can be spheroidized (to Rock- 
well B-95) by heating to 1440°F. (+20° F.) 
holding for 2 hr., fast cooling to 1250° F (+15°) 
and holding at this temperature for 12 to 24 hr. 


56 

52 
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= 
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Fig. 1 — Effect of Tem- 
pering Temperature on 2 


Hardness. The steel has 44 
been austenitized at vari- 
ous temperatures. Tem- 
pering between 525 and 40 


600° F. is recommended 300 400 


for the best combination 
of mechanical properties 
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hardening steel 


Table II — Results of Multiaxial Strength Tests 
on Ellipsoidal Cups of Various Steels 


0.2% Orrset | GaGE C ; 
UNIAXIAL PRESSURE 
Burst STRENGTH 
220,000 psi. | 5870 psi. | 352,000 psi. 
210,000 5100 | 306,000 
220,000 | 5800 | 347,000 
210,000 | 5380 | 322,000 
230,000 3900 234,000 
220,000 5620 | 337,000 
210,000 5220 | 313,500 
240,000 4165 241,000 
| 230,000 | 5975 | 359,000 
220,000 5675 | 340,000 
240,000 7675 | 460,000 
230,000 | 7000 418,000 
376,000 


Air cooling to room temperature completes the 
anneal. 

Let us now look at some of the mechanical 
properties of 4137Co steel as heat treated. 
These are shown in Table III and Fig. 2. The 
results indicate that there is no apparent direc- 
tionality of properties in cross-rolled sheets. 


Notch Sensitivity 


We studied notch sensitivity of the steel by 
comparing tension test results on edge-notched 
and straight tensile specimens heat treated to 
several strength levels. Stress concentration 


ratio in notched specimens is K=5. These 
studies (some of which are shown in Fig. 3) 
indicate that this steel is not notch-sensitive 
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until it is tempered at 700°}. or above. Be- 
tween 700 and 800° F. only a slight tendency 
to notch sensitivity is noticeable. 

Multiaxial properties of 4137 Co steel have 
been studied by hydrostatic testing of deep 
drawn ellipsoidal domes with different sizes. 
After fracture, burst strengths were calculated; 
stresses ranged from 250,000 to 490,000 psi. 

Machinability is considered equal to A.LS.I. 
4140, but is considerably better than that of 
A.LS.I. 4340 and H-11 steels. The new steel 
also has excellent deep drawing characteristics. 
Figure 4 shows a 414-in. diameter cup with an 
integral ellipsoidal head deep drawn in multi- 
ple stages from a blank 9 ft. in diameter and 
0.080 in. thick. As for recrystallization charac- 
teristics, only about 8 to 15 min. at 1250° F. is 
required to recrystallize cold worked material. 


Welding the Steel 


This new steel requires little or no preheat 
(when the part to be welded is dry), and no 
postheat or extra careful handling. The filler 
wire we have developed has essentially the 
composition of 4137Co except for carbon, 
which is 0.05% less. 

Tests of transverse and longitudinal welds 
show them to have excellent bend ductility. 
Welding is done by the TIG* method with little 
or no preheat or postheat. Only a stress-relief 


*Tungsten inert-gas shielded-arc method. 


Table Ill — Tensile Properties of Heat Treated 4137 Co Steel 
Tested at Room Temperature 
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Fig. 2—Tensile Properties of 4137Co at 
Room Temperature. Data are obtained from 
sheet specimens hardened from 1700° F. and 
double tempered at various temperatures. 
Elongation (in 2 in.) varies from 5.5 to 10%; 
hardness, from Rockwell C-51 to C-40 


T T 


SPECIMEN | ‘TEMPERING RocKWELL ELONGATION 
Tuickness Temperature* HARDNESS IN 2 IN 
Transverse Specimens 
0.227 in. 550° F. C-53 | 233,500 psi. 269,000 psi. 7.0% 
0.150 550 54 238,000 285,000 6.5 
0.150 600 53 233,000 272,000 5.5 
0.100 550 53 236,000 279,000 Be 
0.050 550 53 227,000 272,000 5.5 
Longitudinal Specimens 
0.227 550 52 236,000 270,000 i 
0.150 550 55 238,000 284,000 6.5 
0.150 600 54 233,000 272,000 
0.090 550 51 237,000 278,000 Ded 
0.090 700 50 209,000 | 234,000 7.0 
0.090 800 48 194,000 _ 217,000 10.0 
0.090 900 44 191,000 212,000 8.0 
0.090 1000 40 161,000 178,000 9.0 


*Prior to tempering, specimens (which were all from cross-rolled sheets) were austeni- 


tized at 1700° F. for 30 min. and oil quenched. 
tAverage value of at least three tests. 
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Fig. 3 — Comparison of Notched and Un- 
notched Tensile Properties. Specimens rep- 
resent sandwich-rolled sheet, 0.125 in. thick 


anneal is needed, preferably immediately after 
welding. All tests show that base-metal 
strength and other mechanical characteristics 
are fully realized in the welds. 

The next question was, “How good is this 
steel for high-performance missile cases?” To 
answer it, we constructed a chamber, approxi- 
mately 41% ft. in diameter, made out of the 
steel. The chamber had a longitudinal weld, 
and was put together without using an expen- 
sive fixture or any extra attention to details. 
The first pay-off came when this chamber, hav- 
ing about 120 ft. of welds, was put together 
with only four minor repairs. After heat treat- 
ing (to 225,000 psi. yield strength at 0.2% offset ) 
and final machining, it was equipped with about 
160 strain gages, and tested hydrostatically. 
During final inspection, we found that the most 
critical welds in the case had mismatches from 
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0.030 to 0.065 in. Therefore, a premature fail- 
ure was predicted upon the basis of previous 
tests on chambers made from other materials. 
Contrary to this prediction, the chamber was 
successfully tested three times to the required 
hydrostatic pressure. The fourth time, it was 
pressurized until destruction. This chamber, 
which was welded in a routine manner and 
handled with normal care, withstood a pressure 
of 1000 psi., equivalent to a hoop stress of 
approximately 280,000 psi. 

Since we still thought that this design did 
not fully evaluate this new steel, we made a 
few chambers 5.7 in. diameter and 27 in. long. 
Wall thickness was only 0.035 in. Since tests 
showed that 230,000 psi. biaxial yield strength 
is obtainable in these lighter chambers, we be- 
lieve they can replace earlier vessels of 0.050- 
in. wall thickness; this will result in missile 
chambers which are about 20% lighter. 

In conclusion, it is sufficient to say that in 
the 4137 Co modified steel, we have a material 
which should be of considerable use in missiles 
and rockets. It does the job in applications 
involving yield strength levels in the 225,000 
to 235,000 range. The handling of this steel 
in fabrication of missile chambers has not in- 
dicated any large problems. Since it can be 
welded, deep drawn and formed readily, it 
should be worthy of every consideration. @ 


Fig. 4— Deep Drawn Cup Made From 
Sheet Blank, 0.080 In. Thick by 108 In. 
Diameter. The cup is 4% ft. in diameter 
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Strength-to-Density Ratio 


Lithium in Aluminum—X 2020 


By E. H. SPUHLER, A. H. KNOLL 


and J. G. KAUFMAN* 


Developed for aircraft, this new aluminum alloy remains strong, 

both in tension and compression, over a considerable range of temperatures. 
Because the alloy is somewhat notch sensitive, fabricators should use 
good design and manufacturing techniques to minimize 
stress-concentration points. (Q-general, Q23s, 2-61; Al-b Li) 


Tue two tyres OF HIGH-STRENGTH alumi- 
num alloys normally used in aircraft construc- 
tion perform differently at elevated tempera- 
tures. Alloys of the aluminum-copper-zinc- 
magnesium series (7075 and 7178, for example ) 
are strong at room temperature, but lose 
strength above the 200 to 250° F. range. Con- 
versely, alloys of the aluminum-copper series, 
such as 2014 and 2024, have lower room- 
temperature properties, but retain their proper- 


Fig. 1—Tensile Strengths of Some Aircraft 
Alloys. To obtain these values, the alloys 
were held 30 min. at temperature. Strength- 
to-density ratio is ultimate strength (in 
psi.) divided by density (in lb. per cu.in.) 
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Titanium 6 Al, 4V 


Stainless 17-7 PH (TH 1050) 


X 2020-T 
Titanium C-110M 


M (APM) 


Magnesium HK 31A-H 24 
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Temperature, °F. 


ties at higher temperatures. These alloys have 
properties that exceed those of the other series 
in the 300 to 400°F. range. Obviously, an 
alloy with good strength in both ranges would 
be a highly desirable item. Alcoa’s new alloy 
X 2020 (U.S. Patent No. 2,381,219) meets this 
need. Since this alloy, which has a nominal 
composition of 1.1% Li, 4.5% Cu, 0.5% Mn and 
0.2% Cd, attains its high properties through 
heat treating and artificial aging, its complete 
designation is X 2020-T 6. 


Tensile Strength 


As stated before, this new alloy has high 
mechanical strength in the 300 to 400° F. range. 
As an example, after 30 min. at 400° F., the 
strength of X2020-T6 is 57,000 psi. (about 
70% of its room-temperature strength, 84,000 
psi.), and at 300° F. the percentage is 80 to 90 
even for periods of 1000 hr. or more at tem- 
perature. Figure 1 shows the tensile strength- 
to-density ratio for X 2020-T 6 and other repre- 
sentative aircraft materials after 30 min. at 
temperature, based on typical properties. 


Buckling Strength 


Along with high mechanical properties, 
X 2020 also has low density and high modulus 
of elasticity. (Density is 0.098 lb. per cu. in. 
and modulus of elasticity is 11,400,000 psi. 
These values are about 3% lower and 8% higher 
than those for 7075.) These two properties 


*Mr. Spuhler is manager, aero-space section, 
sales development division, and Messrs. Knoll and 
Kaufman are research engineers, Aluminum Co. of 
America, New Kensington, Pa. 
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Fig. 2— Results of Tear Tests on 
0.064-In. Sheet for Various Aluminum 
Alloys. Inset shows size of specimen 


make X 2020 especially attractive for applica- 
tions involving buckling. In equivalent struc- 
tures about 10% is saved in weight when X 2020 
is used in preference to other high-strength 
aluminum alloys. 


Fatigue Tests 


Fatigue tests on smooth and notched rotat- 
ing-beam specimens of X 2020-T6 produced 
values which in general fall within the bands 
of fatigue results for 2024-T4 and 7075-T 6. 
Similar tests were conducted with rotary-loaded 
cantilever beam specimens of the same alloys 
at elevated temperatures. In X 2020-T 6, as 
well as the other two alloys, the ratio of fatigue 
strength to tensile strength rises with increasing 
temperature. Thus, fatigue properties should 


Fig. 3— Relationship Between Crack Length 
and Failure Stress in Slotted Sheet Tension 
Tests. Inset illustrates specimen dimensions 
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be no more restrictive at elevated temperature 
than they are at room temperature. 

At great deal of work has been done to evalu- 
ate crack propagation and notch sensitivity 
characteristics of this alloy. Included in this 
work have been tests on miniature Kahn-type 
tear specimens in which a notched specimen is 
torn apart by an eccentric tensile load. In this 
test, both the energy required to initiate a crack 
at the root of the notch and the energy required 
to propagate the crack across the net width of 
the specimen are measured. The results of 
these tests on single lots of 0.064-in. sheet of a 
number of alloys are shown in Fig. 2. Total 
energies required to initiate and propagate the 
crack have been divided by the net area of the 
specimen. The performance of X 2020 in this 
test is roughly comparable to that of alloys 
2024-T 86 and 7178-T 6, although the energy 
values for X 2020 are somewhat lower. 

Another type of test that has been used to 
evaluate the crack propagation characteristics 
of varicus alloys is a slotted-sheet tension test. 
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Fig. 4 — Notch Tensile Strengths at Elevated Tem- 
peratures. Though notch strength falls as temper- 
ature goes up, the notch strength ratio rises 


For this test, a rectangular specimen, 16 x 44 
in. long and containing a central internal slot 
perpendicular to the long dimension, is used. 
As a specimen is pulled apart, cracks form at 
the ends of the slot and progress slowly until 
a condition of instability is reached. Then, the 
crack grows rapidly, and failure occurs. The 
strain energy release rate at this point is calcu- 
lated from a knowledge of the crack length and 
load along with the specimen geometry. 

In this test, the performance of X 2020 was 
comparable to, but slightly poorer than, that of 
alloys 2024-T 86 and 7178-T 6, as Fig. 3 shows. 

Tests to determine notch sensitivity of X 2020 
were conducted with both notched tensile 
specimens and notched bend specimens. The 
results of the notched tensile tests at elevated 
temperatures for one lot of X 2020-T 6 extruded 
rod are shown in Fig. 4, along with the results 
of similar tests on lots of X 2219-T6 forged 
rod and 2014-T6 rolled and drawn rod. For 


§2 


all three lots of material, the notch strength 
ratio (defined as the ratio of net area tensile 
strength of a notched specimen to the tensile 
strength of a corresponding smooth specimen) 
generally increased with increasing tempera- 
ture. This is the significant feature to be ob- 
served from the figure, since the quantitative 
values will vary from lot to lot. Those shown 
may not be typical of their respective alloys. 

As is evident, these and other similar tests 
prove that the alloy is somewhat notch 
sensitive. Since this property can be detri- 
mental under some conditions, it must be 
allowed for when designing parts which are 
to be made from this alloy. 


Fabrication 


Tests have been conducted to determine 
whether X 2020-T6 wire could be used for 
rivets. In the T 6 temper the alloy is extremely 
difficult to head, but rivets can be readily 
formed in the T 4 (solution heat treat) temper. 
Thus, rivets could be headed in the T 4 temper, 
and then artificially aged to the T6 temper. 

With regard to processing, X 2020 has some 
very desirable forming characteristics in both 
the O (annealed) and W (as-quenched) tempers. 
In these tempers, its formability is close to that 
of 2024-O and 2024-T4 (freshly quenched), 
respectively. Unlike 2024-T4, it ages very 
slowly at room temperature so that refrigera- 
tion should be unnecessary for most part form- 
ing. In the T6 temper, only limited forming 
is possible. However, hot dimpling can be 
done, using the same techniques employed with 
7075-T 6. Sheets up to about 0.100 in. thick 
can be sheared; sawing is used for thicker 
material. 

Processing techniques for anodizing and plat- 
ing have been developed. Chemical milling, 
though feasible, requires techniques different 
from those used for other aluminum alloys. Re- 
sistance to corrosion of X 2020-T 6 is about the 
same as that of 2024 in the artificially aged 
tempers. Alclad products are being produced 
with 7072 cladding. Cladding thicknesses used 
are still tentative. 

Alcoa is now casting ingots of X 2020 as large 
as those produced in alloys 7075 and 7079. 
Thus, mill products can be produced in sizes 
comparable to those of the other aluminum air- 
craft alloys. Plates weighing more than 4500 
Ib. can be produced, and large extrusions are 
available. Other products such as forging and 
rolled rod and bar can also be fabricated. © 
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Flight in the Thermosphere—I V 


Material Requirements for Radiative Systems 


By WILLIAM S. PELLINI and WILLIAM J. HARRIS, Jr.* 


The structural efficiency of materials plays a major role 

in the design of thermal protection systems based on 

radiation cooling principles. A combination of high temperature 
and high loading favors the insulated radiative shield. 

There are also vehicle requirements where loads are low which may 
favor the hot structure plus insulation system. (P11; SGA-h) 


Ficrors wich DETERMINE whether a 
thermal protection system is based on hot 
structure, hot structure plus insulation or insu- 
lated radiative shield principles depend on con- 
ditions such as the temperature level, exposure 
time, need for an internal cool environment to 
protect the payload, and the loading level. 
Table I presents a summary of the combina- 


*Mr. Pellini is superintendent, Metallurgy Div., 
U.S. Naval Research Laboratory, Washington, 
D. C., and Dr. Harris is executive director, Ma- 
terials Advisory Board, National Academy of 
Sciences, Washington. Previous articles in this 
series covered requirements for thermal protection 
systems (March); heat sink systems (April); abla- 
tion, sublimation and transpiration systems (May). 
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tions of functional and environmental condi- 
tions which favor the choice of a particular 
system. The definition of favored, as used in 
this table, does not exclude other approaches 
but indicates the “most likely to be used” 
approach, based on practical considerations. 

It should be noted that a combination of high 
temperature and high loading condition favors 


The authors express appreciation to their colleagues 
for the valuable discussions which preceeded the 
preparation of this series of articles. In particular, 
they benefited greatly from the ideas expressed by 
W. Dukes, W. Steurer, E. Czarnecki and E. Eprem- 
ian and from discussions with the Refractory Metals 
Committee and Thermal Protection Committee of 
the Materials Advisory Board (see p. 138). 
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Producing for the Supersonic Age 


Table I — Environmental and Functional Conditions Which Influence the 
Choice of a Radiative Thermal Protection System 
Coo. INTERNAL ENVIRONMENT | Coot INTERNAL ENVIRONMENT 


THERMAL 
Nor REeQuirRED REQUIRED 


PROTECTION 
SysTEM 


Low Loaps 


Favored to Favored only 
high tempera- at low tem- 
ture perature 

Not Applicable 


Hot structure 


Hicu Loaps Low Loaps Loses 


Not applicable 


Favored to | F avored only 
high temper- | at low tem- 


ature | perature 


Hot structure 
plus insulation 


Favored at 
high tem- 


Probably not 
favored in 


Insulated 
radiative 


Favorable at 
high tem- 


| Favored at 
high tem- 


heat shield mostinstances | _ perature 


*Competitive with hot structure plus insulation. 


the insulated radiative shield systems, even if 
a cool internal environment for payload pro- 
tection is not required. On the other hand, the 
need for a cool internal environment does not 
always favor the insulated radiative heat shield 
system. If the loads are low, the hot structure 
plus insulation system may be favored. 


Strength-to-Weight Efficiency Is Paramount 


Actually, these conclusions may be reached 
in a fairly simple manner by consideration of 
the strength-to-weight efficiency of potential 
materials. For example, if loads and tempera- 
tures are high, it is not desirable to use a hot 
load-supporting structure consisting of dense 
and relatively low-strength materials, such as 
columbium, molybdenum, and tungsten. The 
insulated radiative shield system makes it pos- 
sible to shift the load-supporting function to 
structurally efficient, low-temperature metals 
such as aluminum, titanium, beryllium and 
high-strength steels. Refractory metals may be 
applied as thin skins to the external heat shield 
surface. 

The choice between a hot structure and an 
insulated heat shield is somewhat more diffi- 
cult for conditions involving low loads and high 
temperatures without a more detailed analysis. 
In this instance, we may visualize the use of 
a hot structure designed with a refractory metal 
skin supported by a lightweight truss system 
of refractory metals. This system may be insu- 
lated if a cool internal environment is required. 
A cooling system generally will be required for 
long-time exposures because of heat leakage 
through insulation which is placed either in 
front or behind the structural members. A large 
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perature* | perature 
“ ore. - --~ 


amount of data on weight analyses has been de- 
veloped by airframe companies. This informa- 
tion generally supports the representations of 
Table I. 


Status of High-Temperature Materials 


This introduction emphasizes that the struc- 
tural efficiency of materials plays a major role 
in the design of thermal protection systems 
based on radiation cooling principles. Here, 
it is desirable to consider the status of high- 
temperature materials in order to appraise the 
potentialities of applying them to radiative 
systems. 

Alloys based on nickel or cobalt are available 
in forms to meet all structural requirements for 
airframes at temperatures within their limited 
capabilities. The best of these alloys offers 
high-strength properties to about 1500° F. and 
useful low strength to about 2000° F. Years of 
work on these alloys has not shown any reason- 
able prospect of using them at higher temper- 
atures, even for periods as short as several 
hours. 

A series of high-temperature alloys based on 
iron, aluminum and chromium has been devel- 
oped for electrical resistance furnace elements. 
They have good oxidation resistance but their 
ductility and strength above a temperature of 
1800° F. are exceedingly low. These alloys have 
not been made in the form of reasonably large 
sheets. Techniques for joining have not been 


developed. 
Molybdenum-Base Alloys 


Molybdenum alloys have been under devel- 
opment for about 15 years as a result of interest 
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in their use for gas turbine buckets. Brittleness 
of these alloys has been overcome to an accept- 
able degree through control of the interstitial 
impurity level, particularly through reduction 
of oxygen to 1 or 2 ppm. Alloys with good 
strength at 2200°F. and useful strength at 
2500° F. have been developed. Good strength 
at even higher temperatures may be achieved 
in the future. 

Since the oxide of molybdenum is volatile, 
catastrophic oxidation occurs in all present 
alloys when they are exposed to an oxidizing 
atmosphere. A variety of coatings has been 
developed with limited effectiveness to about 
2000° F. for periods of several hundred hours 
and to 2500° F. for periods of several hours. 
Ceramic coatings lack ductility and tend to 
crack during application or in service. Metallic 
coatings based on nickel-chromium alloys have 
shown promise of providing a small degree of 
self-healing to prevent failure in the event of a 
flaw or minor penetration of the coating. These 
coatings have performed satisfactorily in some 
short-time tests, but their reproducibility has 
not yet been fully established. Moreover, the 
technique of coating complex sheet and stiffener 
assemblies for high speed flight has received 
attention only recently. 

While pieces can be joined by welding, no 
ductile, complex weldment of molybdenum 
has yet been demonstrated. The availability of 
molybdenum sheet of the desired weldability 
and with suitable coatings cannot be predicted 
as certain. In any event, material should not 
be expected for at least two or three years 
for use in fabricating structures requiring sheet 
construction. 


Columbium Alloys Holds Promise 


Columbium* has greater inherent ductility 
than molybdenum and is easier to fabricate. 
Alloys made to achieve higher strength or better 
oxidation resistance sacrifice much of the good 
ductility. Columbium also has a substantially 
lower modulus of elasticity than molybdenum. 
Recent research has indicated that uncoated 
oxidation resistance can be increased signifi- 
cantly, though not to the extent that coatings 
are unnecessary. Such alloys possibly could be 
coated effectively, since very small flaws may 
be less damaging. 


*(Epiror’s Note: More information on colum- 
bium alloys is given on p. 69 of this issue of Metal 
Progress.) 
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The rate of development of columbium has 
been greater in the last two years than that of 
molybdenum. High-strength alloys appear to 
be approaching very close to the temperature 
potentialities of molybdenum. It is possible 
that the greater inherent oxidation resistance of 
columbium alloys and the fact that they are 
easier to fabricate will make them more useful 
than molybdenum in the near future. 


Possibilities With Tantalum and Tungsten 


Tantalum and its solid-solution alloys can be 
fabricated relatively easily. Its limited oxida- 
tion resistance means that a coating would be 
required. It offers the theoretical potential for 
use at low stress up to 4500° F., but develop- 
ment of alloys, coatings, and processing to 
achieve this has scarcely started. 

The highest-melting-point metal, tungsten, 
has been used primarily in the form of rod and 
wire. All phases of work on tungsten except 
the production of wire may be described as 
being in the stage of early explorations. This 
includes development of alloys, oxidation re- 
sistant coatings, and fabrication techniques. 
Material for large-scale evaluation is just now 
becoming available. 


Nonmetallic Materials 


Since the most highly developed metals, 
molybdenum and columbium, cannot be pro- 
tected against oxidation above about 2500° F. 
for many critical applications, even for short 
exposure times, consideration must be given 
to competitive nonmetallic materials, such as 
borides, nitrides, carbides, and graphites. Car- 
bides, bonded with metals, have been under 
investigation for many years for possible use 
in gas turbines. 

These composite materials (cermets) appeared 
to offer promise of meeting the high-tempera- 
ture requirements that could not be satisfied by 
the refractory metals. Stable carbides, titanium 
carbide for example, and alloys of nickel or 
cobalt were combined by a variety of tech- 
niques, including powder metallurgy, in the 
expectation that the high-temperature proper- 
ties of the carbides could be retained and that 
sufficient ductility could be introduced with 
metal bonding agents. However, the level of 
ductility attained was never sufficient even for 
gas turbine applications. 

Carbide-metal composites cannot be rolled 
into sheets. The experience here suggests some 
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of the difficulties which may be encountered 
with pure carbides or oxides as load-bearing 
structures or as radiative heat shields. Al- 
though these materials have reasonably good 
compressive properties, they cannot be used 
where reliable tensile performance is required 
because of their brittleness. Modest levels of 
mechanical or thermal shock can destroy their 
integrity as a shield, or as a structure. 

Studies have been made on achieving a rea- 
sonable degree of structural reliability by 
developing composite materials in which re- 
fractory metal filaments are prestressed —a 
powder compact of the nonmetallic materials 
is made, and release of the prestress load places 
the compact in compression. Certain difficult 
problems must be solved in developing such 
materials: (a) protection of the refractory fila- 
ments against deleterious oxidation or contami- 
nation by the matrix; (b) adhesion of the two 
constituents, filament and matrix; (c) provision 
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for multidirectional prestressing in the case of 
sheet or plate forms. 

Most of the reservations on successful use of 
ceramics or carbides in structures are based on 
their lack of ductility. Hope has been raised 
for ceramics that have appreciable ductility. 
Single crystals of magnesium oxide have been 
plastically deformed by bending. Preliminary 
studies of polycrystalline ceramics have thus 
far failed to show ductility. Thus it is not pos- 
sible to predict the probability of adapting 
ductile ceramics or carbides to structural use. 


Graphite 


Graphite continues to show promise as a 
high-temperature structural material. Signifi- 
cant improvements in strength may be possible 
through better control of feed material and 
improved processing techniques. Recent proc- 
esses for pyrolitic graphite may ultimately help 
solve very high-temperature, radiative system 
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Fig. 2— Chart Summar- 
izes the Radiative Equi- 
librium Potentials of 
Various Materials When 
Used at Low Stresses 
and With Various Levels 
of Surface Emissivity 
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problems. Pyrolitic graphite is deposited from 
the vapor phase. It is highly oriented in a 
crystallographic sense. It is claimed that the 
oriented structure reduces thermal conductivity 
through the thickness direction and lowers oxi- 
dation rate in the surface plane. Tensile 
strength parellel to the plane on which the 
graphite is being deposited is reported to be 
increased by a large factor. This combination 
of properties has been achieved on relatively 
. small samples; facilities for deposition of larger 
samples are now being contemplated. Uni- 
formity and shock resistance of the material 
and methods of attachment of the larger bodies 
have yet to be demonstrated. Aggressive de- 
velopment may result in material for large-scale 
evaluations within the next two years. 


Materials for Radiative Applications 
We shall now summarize the information on 


maximum useful temperatures for possible air- 
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frame materials. A simple separation based 
on functional requirements may be made in 
terms of loading conditions. The structural 
(positions back) regions of airframes may in- 
volve either high or low levels of loading. 
Windshield positions (stagnation points) are 
generally low loading areas. 

Figures 1 and 2 present an analysis of suit- 
ability of material including the relationship of 
radiative wall temperature to aerodynamic heat 
input for various levels of surface emissivity. 
Figure 1 relates to hot structure design entail- 
ing high stresses, while Fig. 2 relates to hot 
structures entailing low stresses and to radiative 
heat shields which always involve low stresses. 
As an example, in Fig. 1 molybdenum is located 
at the 2500° F. level to represent the expected 
limit for use at high stress. If an emissivity 
value of a black body, E = 1.0, is assumed, the 
hot wall aerodynamic heat input is about 50 
Btu. per sq.ft. per sec. A drop in emissivity to 
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E=0.4 would decrease the allowable heat 
flux to some 15 Btu. per sq.ft. per sec. 

This point is emphasized by the dotted line 
in Fig. 1 because it illustrates the importance 
of an essentially neglected area of materials 
development — namely, that of attaining a high 
surface emissivity. It should be noted that tem- 
peratures over 3000° F. would result from the 
use of a coating with E=0.4 for the same 
input heat flux that would develop 2500° F. for 
a black body surface. While it is unlikely that 
many black body surfaces will be available, the 
point remains that high emissivity is an im- 
portant factor in selecting materials which must 
serve a combined aerodynamic airfoil and heat 
radiative thermal protection function. 


Limits for High-Temperature Alloys 


Figure 1 brings out the alarming fact that 
thermal protection systems involving hot struc- 
tures with high loads are feasible only to 
1500° F. if superalloys (high-temperature alloys 
or H.T.A.) are used, and to 2500° F. if the prob- 
lems of oxidation resistance and fabricability of 
molybdenum and columbium are resolved. 

From the vehicle standpoint, the most signi- 
ficant scale of reference should be the heat flux 
scale because of the nature of heating condi- 
tions. On this basis, if we select E = 0.8 as a 
realistic value for general attainment, the limits 
for high-temperature alloys are about 6 Btu. per 
sq.ft. per sec. and for molybdenum some 25 
Btu. per sq.ft. per sec., which means that the 
attainment of a molybdenum capability essen- 
tially quadruples the allowable aerodynamic 
heat flux. The values for columbium are about 
the same as those for molybdenum. 

The need for solving problems of columbium 


Table I1—Comparison of Insulation Materials for Elevated Temperatures 


and molybdenum assume a new perspective in 
this light. A similar analysis indicates that 
when the even more difficult problems of tung- 
sten are solved it may be expected to provide 
an aerodynamic heating capability of 90 Btu. 
per sq.ft. per sec., based on E = 0.8. On the 
same basis, graphite should have a flux capa- 
bility of 150 Btu. per sq.ft. per sec. Various 
other analyses may be made from this chart. 
The important thing to remember is that the 
present “attained” materials capability for 
highly stressed structures is essentially limited 
to 6 Btu. per sq.ft. per sec. (1500° F.) and that 
we have a long way to go! 


Low-Stress Structures 


Figure 2 presents a similar analysis for low 
stresses. The superalloy (H.T.A.) capability 
(not shown) is actually 2000° F. and corresponds 
to some 15 Btu. per sq.ft. per sec. Molybde- 
num now may be considered in terms of 100 
Btu. per sq.ft. per sec. (3800° F.), and tungsten 
as 250 Btu. per sq.ft. per sec. (5000° F.). The 
long-term material limit for a lightly loaded 
aerodynamic surface is of the order of 500 
to 750 Btu. per sq.ft. per sec. (5500 to 6000° F.) 
based on the use of carbides and graphites. 

The problem of maintaining an internal cool 
environment for both the hot structure plus 
insulation and the radiative heat shield systems 
brings up questions on stability of insulation 
materials at high temperatures. As noted in 
Fig. 2, the stability limit for low-density insula- 
tion is about 2200° F.— possibly 2500° F. for 
short times. This means that such insulation 
material would be limited to use on radiative 
wall surfaces which do not exceed a flux of the 
order of 20 to 30 Btu. per sq.ft. per sec. 


MaximuM USEFUL 
MATERIALS TEMPERATURE AS | WEIGHT 
INSULATION 


Basalt wool 1400° F. 

Silica fibers 1800 4 
Aluminum silicate fibers 2300 6 
Mg.SiO, 3300 100 
Firebrick 2800 70 
Al,O; coating 2800 200 
ZrO, coating 3400 350 
Phosphate bonded Al,O; 3500 150 
Phosphate bonded ZrO, 4000 250 
ZrO, 4400 350 
Tho, 4800 600 
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Fig. 3 — Efficiency of Heat 
Absorption of Various 
Structural Materials Com- 
pared With Water Cooling 
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Problems of Insulation Materials 


The weight of silica fibers, basalt wool, and 
aluminum silicate fibers, which are convention- 
ally used as low-density insulation, is some 5 to 
10 Ib. per cu.ft. Examples of insulation mate- 
rials for higher temperatures are compared to 
the low-density materials in Table II. This 
illustrates the seriousness of the insulation prob- 
lem for wall temperatures above 2500” F. 
Materials for use above 2500°F. are better 
described as high-density conductors rather 
than low-density insulation, which means that 
considerable effort must be directed to develop- 
ing foams, fibers, or suitable powdered forms 
of these materials for use as insulation. The 
extent to which this work is successful will 
determine the coolant weight required to offset 
heat leakage of long-time exposure flights. 


Materials for Cool Substructure 


Insulated heat shield systems permit the con- 
struction of a “cool” load-bearing substructure 
utilizing metals with high strength-to-weight 
ratios. The choice of material for the internal 
structure depends on a number of factors. For 
example, a “trade off’ may be made between 
weight of insulation, the available volume for 
it, and drag aspects of a wing, in determining 
the rate of heat leakage to the load-bearing 
structure. The rate of heat leakage and the 
exposure time then determine the optimum 
operating temperature of the internal structure 
and dictate the specific method of cooling. 

The choice of materials for the internal struc- 
ture may be considered in terms of the heat 
capacity (Btu. per lb.) of various materials of 
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construction which are allowed a temperature 
rise consistent with the retention of high 
strength. 

Figure 3 gives an example of a 2000° F. hot 
structure with molybdenum as the structural 
heat sink. Its low heat capacity is indicated 
by the absorption capacity of 200 Btu. per Ib. 
for molybdenum raised to 2000°F. Thus, it 
is obvious that the heat sink capacity of molyb- 
denum is negligible in the design of hot struc- 
tures, even for short-time exposures. 

insulated radiative heat shields are repre- 
sented (Fig. 3) by aluminum, titanium, steel and 
beryllium as load-bearing substructures. If 
aluminum is used, the heat capacity is in the 
order of 100 Btu. per Ib., for a rise to a maxi- 
mum allowable value of 220° F. Because of 
this low level of heat sink capability, aluminum 
must be considered together with an efficient 
internal heat absorbing device, even for short- 
time applications. Steaming of water provides 
for about 1100 Btu. per lb. The effective heat 
capacity of such systems will be somewhat 
lower due to weight of piping and pumps. 

If titanium and steel are considered as the 
substructure, and a limit of 800° F. is applied, 
the heat capacity is approximately 175 Btu. 
per Ib. while beryllium has a much higher 
capacity of 600 Btu. per lb. For long exposure, 
the benefits of using water cooled beryllium, 
titanium and steel over water cooled aluminum 
may be reflected in a less rigorous demand on 
insulation efficiency (temperature drop is less) 
and by a decrease in the weight of coolant 
required to hold a temperature maximum. For 
long-time steady-state operation, the weight of 
water required is not determined by the tem- 
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perature of the internal structure but by the 
rate of heat leakage. 

For short-time exposures, as shown in Fig. 3, 
the high specific heat of beryllium provides a 
heat sink benefit which is some three times that 
of an equal structure weight of titanium and 
steel. This may mean the complete avoidance 
of liquid systems for structures with short-time 


exposures. With radiative heat shields, these 
structurally efficient metals may be used at 
environmental temperatures normally consid- 
ered above their inherent limits. Developments 
in beryllium, titanium and steel thus become 
important for classes of vehicles which would 
otherwise appear to require all-refractory metal 
construction. 


Thermospheric Flight—A Pattern for Materials Development 


Tue SERIES OF ARTICLES which we have 
presented in Metal Progress in the last four 
issues provides the background for a general 
summation of materials development require- 
ments for thermospheric flight. A synopsis in 
terms of the usual listing, which includes all 
the refractory metals, ceramics, heat sink ma- 
terials and ablative materials, would be mean- 
ingless. Such a listing would add up to an 
impossible total for a uniformly broad-front 
attack by people working in the materials field. 
Moreover, it would not assess the relative im- 
portance and specific degree of urgency of the 
many requirements, or lend guidance with re- 
spect to form, fabrication, oxidation and ther- 
mal problems and other aspects which should 
dictate the course that the materials effort must 
follow. 


Potential Temperature Levels 


To define the requirements, the specific ther- 
mostructural problems of the various classes of 
flight vehicles must be considered within a 
significant frame of reference. In many in- 
stances, communication difficulties between the 
materials and design fields arise from the fact 
that specific problems of applications cannot be 
placed in context with the general problem. 

With this requirement in mind, we will sum- 
marize the temperature level prospects for ap- 
plication of critical materials required for cruise 
and glide vehicles. Figure 4 is a graphical 
representation of this summary, in terms of 
(a) demonstrated achievement, (b) estimates of 
the level of performance that may be attained 
in the near future, and (c) projection of ultimate 
potentials. The following temperature limits 
are indicated in Fig. 4: 

1. The limit of demonstrated achievement for 
metals at both high and low stresses. This is 
represented by the cross-hatched line noted 
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as “present metal ceiling”. High-temperature 
alloys (H.T.A.) provide this capability. 

2. The temperature limits of high-strength 
steels (H.S.S.), titanium and aluminum. The 
cross-hatched lines represent demonstrated 
achievement; the dashed line (with the ques- 
tion mark such as for titanium at high stress 
levels) indicates estimates of performance that 
may be achieved in the near future. 

3. The anticipated increase in the “metal 
ceiling” based on the development of coatings 
to protect molybdenum and columbium against 
oxidation. This is represented by the solid line, 
coded O.; L relates to long-time exposures 
(several hundred hours) and S to short-time 
exposures (several hours). Arrow (1) indi- 
cates the ceiling increase for conditions of low 
stresses and short-time exposures, while arrow 
(2) indicates the same for high stresses and 
long times. It should be noted that these de- 
velopments do not provide for an increase in 
the 2000° F. ceiling for conditions of low stress 
and long exposure time. 

4. The limits based on the projection of the 
ultimate potentialities for high and low-stress 
use of molybdenum, columbium and tungsten 
alloys — represented by the coded dashed lines. 
Coatings to protect against oxidation must be 
developed to realize the indicated levels. 

5. The estimated limits for applications in- 
volving ceramic materials. These are based 
on fabrication and design advances which 
would permit the use of brittle materials. The 
increase in the temperature ceiling over that 
of the presently demonstrated level for metals 
is indicated by arrow (3). Coatings are re- 
quired for all materials of this group except 
the oxides. 

6. The projection of ultimate potentials for 
various ceramic materials, indicated by the 
dashed portions of the bar graphs. These esti- 
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Fig. 4 — Present and Potential Capabilities of Materi- 
als for Thermostructural Use in Radiative Systems 


mates are based again on both fabrication and 
design aspects. 

7. The ultimate ceiling, noted as the “fixed 
wall theoretical limit”. This is indicated by 
the dotted line, placed at the melting point 
limit of the carbide family. 


Materials Selection for Vehicles 


Figure 5 permits a direct evaluation of the 
major problems of materials selection for cruise 
and glide vehicles.* As was noted previously 
either hot structure, hot structure plus insula- 
tion or radiative heat shield designs may be 


*Figure 5 is constructed by superimposing the 
heat flux capabilities of absorptive systems (Fig. 7 
of the March 1960 issue of Metal Progress) and the 
temperature limits designated in Fig. 4 (on this 
page) on the thermal environment spectrum pre- 
sented in Messrs. Pellini and Harris's first article 
(Fig. 3 in the March issue). 
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used for steady-state heating conditions, de- 
pending on functional aspects. While these 
aspects cannot be represented directly in the 
chart, they are implied by the conditions of 
stress level and exposure time related to each 
material. 

For vehicles exposed to pulse heating, it is 
more significant to represent the type of ab- 
sorptive thermal protection system which is 
required for specific environmental conditions. 
The vehicle class may then be related to the 
type of absorptive systems required, and in 
turn, to the materials requirements. The fol- 
lowing relationships are established: 

Jet Cruise —- The maximum requirements of 
leading edges and positions back may be satis- 
fied by steel and titanium construction, for both 
high and low stress conditions. 

Ramjet Cruise — When restricted to vehicles 
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Fig. 5 — Evaluation of the Problems of Materials Selection for Thermospheric Flight 


powered by conventional ramjet engines, the 
requirements for airframe structures do not 
appear to exceed the present “metal ceiling”, 
based on the use of high-temperature alloys. 
This applies to leading edges as well as posi- 
tions further back. External burning power 
plants, or other developments which would per- 
mit flight at higher Mach number, would create 
airframe requirements which exceed the po- 
tential limits of high-temperature alloys. 
Boost Glide — The lower half of the boost 
glide zone relates primarily to positions back. 
Only minimum requirements for such positions 
may be met by the use of high-temperature 
alloys and then only if the stresses are low. If 
the vehicle performance cannot be comprom- 
ised by such limitations, it is necessary to base 
designs on molybdenum or columbium. For 


the times involved (1 to 14% hr.), we may con- 
sider the near-future potentials for oxidation 
protection as 2500°F. This increase in capa- 
bility falls considerably short of the 3500 to 
4000° F. level which may be considered to 
represent the high end of the positions back 
zone requirement. In order to attain this level 
of capability oxidation resistant tungsten alloys 
must be developed or fabrication and design 
procedures must be devised to permit the use 
of brittle ceramic materials. 

The upper half of the boost glide zone re- 
lates primarily to stagnation points. The 3000 
to 4000° F. range represents the minimum re- 
quirements for such positions while the 4000 
to 5500° F. range is considered to represent the 
maximum requirements for stagnation points. 
These latter needs may be met by the develop- 
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ment of strong tungsten alloys and oxidation 
resistant forms of graphite and carbides. 

Space Re-Entry by Glide — This indicates re- 
quirements for glide vehicles which involve 
re-entry maneuvers on return from space flight; 
for example, a shallow angle, braking approach 
would fall into this broad category. The prin- 
cipal significance is that such maneuvers are 
likely to exceed the limit of materials for the 
construction of radiative thermal protection 
systems. Certainly, it will be necessary to de- 
velop sublimation or transpiration cooling for 
the regions of stagnation points. The difficulty 
with materials here suggests that retrorocket 
methods of absorbing the vehicle kinetic 
energy are necessary for such maneuvers. 

Nuclear Power Cruise — The broad range of 
temperatures associated with nuclear cruise re- 
sults from the removal of the restrictions on 
rates of fuel consumption which apply to chemi- 
cal systems. On this basis we may assume high 
velocity, long-time flight at relatively low alti- 
tudes which means very high frictional and 
drag energy requirements. 

Such flight conditions would naturally result 
in very high radiative equilibrium temperatures. 
The requirements of nuclear power cruise are 
indicated to match those for jet and ramjet 
cruise at the low range of the environmental 
conditions. At the high end of this range, the 
materials problems would correspond to those 
of the boost glide, except for a longer exposure 
due to the lower velocity at the lower altitude 
of cruise vehicles. The systems of radiative 
thermal protection developed for the boost 
glide should serve the purpose. 

Defensive Missiles — For the most part, the 
thermostructural problems of this class may 
be solved with shell heat sink or shell thermal 
augmentation devices. The main problems in- 
volve weight efficiency and reliability rather 
than materials availability barriers. When the 
exposure time extends to the 5 to 10-min. range, 
principles of radiative cooling may have to be 
applied. Here, the materials requirements are 
the same as those for the jet cruise, ramjet 
cruise, and the low range of the glide class. 

Satellite Capsule Re-entry— Manned cap- 
sules will require either heavy wall heat sink, 
ablation or radiation cooling devices. Ablation 
materials and beryllium for heat sink applica- 
tions are available. It is likely that the even- 
tual, least-weight solution may be based on 
radiative systems; however, further develop- 
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ments in refractory metals and insulation are 
required. 

Nose Cones — Intermediate-range nose cones 
appear to fall ideally into the heavy wall heat 
sink or ablation region. Long-range nose cones, 
with high ground-approach velocities, may be 
expected to require high ablation energy de- 
vices, including sublimation and possibly tran- 
spiration cooling. The problems are due to 
processing difficulties with the most promising 
heat sink materials —beryllium, beryllium 
oxide and graphite. With ablation, difficulties 
are due to mechanical integration of highly 
energetic organic and inorganic materials. Sub- 
limation devices, based on graphite, require 
that the oxidation problem be solved, while 
those based on homogeneous ceramics, such as 
magnesium oxide, require a solution to the 
problem of thermal shock. With transpiration 
cooling, reliability and development of porous 
surfaces compatible with the coolant is the 
main problem. 

Space Re-entry by Drag— Earth approach 
maneuvers from space, based on drag braking, 
may be expected to involve heat flux conditions 
similar to those of nose cones. However, ex- 
posure time generally will be longer. The 
materials problems are the same as those for 
either nose cones or glide vehicles, depending 
on the exposure time. 


The Pattern for Solving Problems 


There are managerial problems, as well as 
technical ones, which require consideration 
in developing materials to meet the require- 
ments of thermospheric flight. The management 
problem resides in the lead time between mak- 
ing a decision on vehicle requirements and the 
availability of materials for constructing it. It 
must be kept in mind that availability of ma- 
terials at the laboratory-bench stage provides 
no assurance of near-future availability for 
construction. 

It is only through concentrated effort on the 
most important requirements, utilizing the few 
likely approaches, that sufficient progress in 
materials development can be expected in the 
future. Such selections require simultaneous 
attention by those who conceive the vehicle 
and those who must provide the design and 
materials for its realization. Technical and 
organizational concepts must be modified to 
meet the enormous problems of materials re- 
quirements which face us today. S 
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estir High Temperatures 


Vacuum Furnace 


for Creep-Rupture Testing 


By T. F. HENGSTENBERG 
and E. F. VANDERGRIFT* 


A creep and stress-rupture testing chamber is described which can operate 
up to 2700° F. under a high vacuum. Principal design features are 

low power requirement, ease of test assembly, 

and adaptability to conventional creep and stress-rupture 

testing machines. (Q3m, 1-53, X29r, 1-73) 


Ir 1tprovep PERFORMANCES are to be ob- 
tained from jet engines, gas turbines, missiles, 
and other types of high-temperature apparatus, 
new materials must be made available. Con- 
sequently, metallurgists are diligently develop- 
ing new alloys as well as ways to produce 
refractory metals (molybdenum and tungsten, 
for example) in purer forms. Such metals and 
alloys must be tested at high temperatures, 
preferably above 2000° F. To answer this need, 
many novel testing devices have been built. 

One useful item, developed after some effort, 
is a vacuum creep tester which can be used to 
determine creep-rupture properties up to 2700° 
F. This unit (which is easy to assemble, oper- 
ates on low current, and requires only stand- 
ard temperature controls) has an enclosure 
that can be evacuated to a high vacuum. A cal- 
ibrated metallic bellows permits unhindered 
creep, and the unit may be used in a lever or 
screw-loaded creep machine. 

Heat is supplied by an internal heating 
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element wound from tungsten wire: This dis- 
posable element will, when operating at ap- 
proximately 28 amp. and 125 v., maintain a 
specimen at 2700° F. Pressure in the chamber 
can be held to a maximum of 5 x 10% mm. Hg 
for the time needed to heat from room tempera- 
ture to 2700°F. (about 3 hr.). When this 
temperature has been reached, the pressure 
will gradually drop to an ultimate vacuum of 
about 2 x 10° mm. 


Description of Apparatus 


The assembled unit along with a cross- 
sectional drawing is shown in Fig. 1. The outer 
shell is Inconel and the bellows, stainless steel. 
Tungsten wire, molybdenum radiation shields, 
and aluminum oxide insulators comprise the 
heating unit; this unit (Fig. 2) is suspended 
from hooks passing through a molybdenum 
plate \% in. thick. These hooks penetrate two 

*Materials Engineering Dept., Westinghouse 
Electric Corp., East Pittsburgh. 
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Fig. 1 — Assembled Vacuum Creep Unit With 
Cross-Sectional Drawing to Show Constructional 
Features. A high vacuum can be maintained at 


any operating temperature up to 2700° F. 


thin radiation shields which are riveted to the 
upper plate to form one unit. Insulating this 
unit from the hooks are cylindrical bushings 
of aluminum oxide. A similar unit of two radi- 
ation shields and a \%-in. thick plate is used at 
the bottom of the element. 

While the upper plate rests on a shoulder in 
the Inconel tube, the bottom plate, which is 


JUNE 1960 


Pumping Port 


Radial 
Radiation 
Shields 


Internal 
Power 
Lead 


Terminal 


Sliding 
Coupling 


= 
|| “Oy 
| | \:: 
! 
Lt 
' 
H 
| 
| | 
| 
| = 
HS 
ca 
\ 
| 
| | 
1 
= 


supported by the heating grid, is completely 
free to move. Thus, the bottom unit will drop 
or rise depending on the thermal expansion or 
contraction of the wire grid itself. 
Surrounding the heating element are three 
cylindrical radiation shields, each consisting of 
three layers of 0.005-in. molybdenum sheet. 
Molybdenum tie wires fasten these shields to 
the upper plate. All parts of the heating ele- 
ment unit (except the tungsten wire and alumi- 
num oxide bushings ) are made of molybdenum. 
Specimen temperatures are measured by 
platinum and platinum + 13% rhodium thermo- 
couples. Temperature distribution is usually 
within 5° F. over a \-in. gage length, and the 
heating and cooling cycle varies + 5° F. 


Assembling the Apparatus 


Figure 3 shows the manner in which speci- 
men and grips are connected. First, we as- 
semble these parts on a rod which hangs from 
an overhead hook or crossbeam so that the 
specimen cannot buckle. The cylinder and 
bellows setup with heating element in place 
is then lifted to surround the specimen assem- 
bly, and tightened against the head screws. 
Finally, the complete unit is placed in the test 
machine. 

To permit movement of the specimen and 
yet maintain an enclosed system, a stainless 
steel bellows is used on the vacuum chamber. 
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Fig. 2 — Heating Element 
and Wire Grid on Jig. 
Annealed tungsten wire, 
0.035 in. in diameter, is 
wound on a_ cylindrical 
grid form with turns equi- 
distantly spaced about a 
2%-in. diameter circle 


The bellows must be strong enough to endure 
repeated changes in length without cracking. 
These changes, we might add, are considerable; 
the bellows might have to be stretched or 
shortened as much as 1 in., depending on the 
ductility and original gage length of the speci- 
men. Bellows temperature varies from 550° F. 
at the bottom to 150° F. at the top. 

As might be expected, the bellows place an 
extraneous load on the specimen. This load 
must be accurately known. In fact, two loads 
must be dealt with, the load due to pressure 
acting on the evacuated bellows plus the load 
due to the spring constant of the bellows. Of 
course, the second load only takes effect when 
the bellows is at any length other than its free 
length. Initial length is determined by length 
of the grip assembly used. 


General Considerations 


In designing a unit such as this, any material 
which might react with the high-purity metal 
being tested must be eliminated from the hot 
zone. In our unit, the heating element contains 
only molybdenum (shields), tungsten (wire), 
and high-purity Al,O; (insulators and thermo- 
couple tubes). The insulators are located be- 
yond the extreme — and therefore, cooler — ends 
of the heating element. As an added precau- 
tion to prevent reaction between the test mate- 
rial and those materials which are present in 
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Fig. 3 — Assembly of Specimen and Grip. Parts are 
assembled on a hanging rod; then, the tube-and-bellows 
unit is lifted to surround the setup. After tightening 
all seals, the unit is placed in a testing machine 


the hot zone, the test specimen can be covered 
with foil made of the same material as the 
specimen. This technique will eliminate direct 
exposure to all parts of the unit except the 
thermocouples and grips. 

Of ultimate importance was the material used 
for the heating element (Fig. 2). To keep the 
current low (and, therefore, simplify controls ), 
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the wire-wound grid was chosen. Since the 
wire had to have good thermal resistance, low 
vapor pressure, and limited chemical activity, 
selection was reduced to one of three metals 
— molybdenum, tungsten, or tantalum. 

Eventually, we chose an annealed tungsten 
wire 0.035 in. in diameter. Tests showed no 
loss of material by vaporization, and little re- 
crystallization. Thermal expansion of tungsten 
is lower than that of molybdenum and tantalum 
—another point in its favor. 


Problems in Welding 


As in any piece of high-vacuum apparatus, 
delicate brazing or welding problems arose. In 
our device, the basic components of the tube 
were joined by heliarc welding. However, at 
the head, where the airtight thermocouple seal 
is located, heat could not be permitted for fear 
of damage to delicate glass and plastic parts. 
Since the head is located on the end of the bel- 
lows away from the hot zone of the furnace, a 
soft solder (melting point of 550° F.) could be 
used successfully. 

Attachment of the power lead-through termi- 
nals, which had to be located on the part 
supporting the heating element, was also a 
problem. Since the bottom of the tube was 
fixed, the power leads, if attached there, would 
need to change in a vertical height to compen- 
sate for the difference in thermal expansion 
between the heating element and Inconel tube. 

The terminals are located near the bottom of 
the tube where the temperature is close to the 
minimum. Thus, a soft solder with a high 
melting point could be used. Pads were brazed 
to the wall of the tube, and the outer rings of 
the terminals were soldered to the pads. 


Invaluable Data Possible 


In closing, it should be pointed out that data 
obtained by this type of equipment are invalu- 
able to metallurgists. For instance, this unit 
has already been used to obtain reproducible 
creep-rupture and tensile data on pure tungsten 
and tungsten alloys at 2700°F. The heating 
unit has lasted longer than 400 hr. As time 
goes on, much more information on these and 
other high-temperature materials will undoubt- 


edly be provided by this device. ] 
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esting at High Temperatures 


are described. (Q6, 1-53, 2-62) 


Eweineers NEED TO KNow the impact 
properties of metals at elevated temperatures 
to design equipment (turbines, generators, pres- 
sure vessels, and reactors, for example) which 
must operate at high temperatures. 

In the procedure now employed by many, 
Charpy (or Izod) impact specimens are placed 
in a furnace, heated to the desired temperature, 
and maintained at this temperature until stable 
conditions are reached. For testing, a specimen 
is quickly lifted from the furnace with a pair 
of tongs, placed in the anvil of the pendulum- 
type testing machine, and the pendulum re- 
leased. Time interval from furnace to fracture: 
about 6 sec. Though the temperature drop is 
small at low temperatures, heat losses to the 
air and to the anvil increase rapidly as the test 
temperature is raised. To eliminate or mini- 
mize the losses, we devised methods for heat- 
ing the specimen in the testing machine. 


Testing Charpy Specimens 


Most methods for heating Charpy specimens 
require special and expensive equipment or 
costly modifications in the testing machine. In 
working out our system, we considered induc- 
tion, radiant, and resistance heating methods, 
and eventually chose the third type. 

Resistance heating, in the system we use, 
is developed by passing a current from elec- 
trode to electrode through a mass. Two meth- 

*Mechanical Engineer, Materials Engineering 
Dept., Westinghouse Electric Corp., East Pitts- 
burgh, Pa. 
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Systems for heating Charpy and Izod impact specimens 
as high as 1400° F. have been devised. Equipment and test methods 


Impact Testing at High Temperature 


By A. J. BUSH* 


ods are available. Current can pass directly 
through the specimen, or, as in the setup we 
finally selected, through a resistance heating 
element placed near the specimen. 

Since it was not practical to heat Charpy 
specimens in the machine throughout the entire 
test, we devised a method in which the speci- 
men is heated until the pendulum is released. 
As shown in Fig. 1, four cartridge heaters 
(220 v., 375 watts) are mounted in an adapter 
that fits over the specimen. These heaters 
must be removed when the pendulum is re- 
leased. However, the time interval during 
which the specimen is not being heated is very 
small, and can be shortened even more by 
using an automatic device to remove the heaters 
as the pendulum is released. 

A specimen with the heater assembly in 
position is shown in Fig. 2. To supply 
enough heat for good temperature distribution, 
four heaters are used, two above and two below 
the specimen. Stainless steel blocks placed 
behind and in front of the specimen serve sev- 
eral purposes. They conduct heat from the 
cartridges, and transfer heat to the front and 
back of the specimen. The back block also 
acts as a positioner for the adapter, while the 
front block holds the controlling and measuring 
thermocouples in place. When the adapter is 
removed, just before testing, the front block 
falls out of the path of the striker. 

As for the electrical circuit, the heating 
cartridges are wired in parallel and connected 
to a temperature controller. A rheostat placed 
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Fig. 1 —Components for Charpy Specimen Heating 
System. They include the heater assembly adapter 
(A), back heater block (B), cartridge heaters (C), 


measuring and controlling thermocouple and front 
Min? heater block (E). D is the Charpy specimen 
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across the terminals (110 or 220 v.) adjusts the 
current to the correct value. 

A new anvil was designed to withstand high 
temperatures. Though no modifications of 
the general anvil shape were necessary, high- 
temperature alloys and insulation had to be 
used. Since a Westinghouse alloy, Refractaloy 
80+, has high hardness and good impact resist- 
ance at elevated temperatures, we used it in 
the heat-affected zones. Stainless steel fasten- 
ers were also employed. 

Several tests established the heating charac- 
teristics of the new system. Specimens were 
heated in the testing position to determine the 
time needed for a specimen to reach desired 
temperature, temperature distribution around 
the specimen notch, and the proper location 
for the thermocouples in the front block. 

We found that specimens heat quickly with 
the system; 1000’ F. can be reached within 10 
min. During initial tests, specimens were 
heated to a maximum of 1150” F., but higher 


tComposition: 0.10% C, 0.60% Mn, 0.70% Si, 
20% Cr, 20% N., 30% Co, 10% Mo, 5% W, 14% Fe. 


Fig. 2 — Charpy Heating System as Assembled. 
The front block is not in place. Parts 
which are subjected to elevated temperatures 
are made from Refractaloy 80, a superalloy 
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temperatures are possible. The cartridge heat- 
ers were made to operate on 220 v. with a 
maximum sheath temperature of 1800° F. 
However, heater life is shortened at tempera- 
tures this high. 

The higher the test temperature, the greater 
is the heat loss from the specimen to the sur- 
rounding anvil and air. Therefore, tempera- 
ture distribution along the specimen becomes 
poorer as the test temperature is increased. 
However, in our setup the temperature is 
highest at the notch, and the temperature 
difference between the front and rear face is 
only about 1° F. at 400° F., and approximately 
3° F. at 1150°F. At % in. on either side of 
the notch, the difference is approximately 5° F. 
at 400° F. and 25° F. at 1150° F. 

In actual testing, the thermocouple bead usu- 
ally contacts the surface of the specimen. To 
assure correct temperature measurements dur- 
ing actual tests, we need to know how the 
temperature at the specimen surface com- 
pares with the temperature at the base of the 
notch. Curves of apparent surface tempera- 
ture against true specimen temperature can be 
prepared by using a dummy specimen of the 
material to be tested*. All further testing can 
then be done with but one thermocouple in 
contact with the specimen. 


Testing Izod Specimens 


The arrangement and components for 
heating Izod specimens are shown in Fig. 
3 and 4. Globar resistance-type heating 


*Two thermocouples are used to obtain 
this curve. One is peened into the base of 
the notch; the other is laid on the surface of 
the dummy specimen. 


elements are placed on either side of the speci- 
men at the notch. There is a gap of about 
1/32. in. between heater and specimen. With 
the hot tip of the heating elements butted 
against the rear specimen support, heat radiates 
to the specimen and the surrounding anvil. The 
heating elements, which have two cold ends 
for electrical connectors and a 4-in. hot section 
in the center, are 1134 in. long and 5/16 in. in 
diameter. For the heating fixture, the elements 
are broken in half, and both halves are used, 
one on either side of the specimen. 

The testing machine was not changed except 
that the anvil was redesigned to accommodate 
the heating elements. The new anvil was con- 
structed in two sections, the top section being 
made from Refractaloy 80 alloy. The same 
alloy was also used for the specimen back 
support, the front support block, and support 
block bolt. A sheet of transite, 2 in. thick, 
insulated this section and the bottom of the 
anvil, as shown in Fig. 3. Stainless screws 
fastened the components together. 

For electrical contact, the heating elements 
are butted up against buttons made of Ther- 
menol, an aluminum-iron alloy.{ When high 


+Composition: 15 to 18% Al, 1 to 3% Mo, 


balance Fe. 


Fig. 3—Izod Specimen 
Test Arrangement With 
Heating Elements in 
Place. The spring-loaded 
heating elements are 
in constant contact 
with Thermenol buttons 
in the back support 
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sel made of nickel-containing stainless steel for the new 
Enrico Fermi Atomic Power Plant on the shore of Lake 
Erie near Monroe, Michigan. Detail design and con- 


struction of the reactor vessel was done b 
Engineering, Inc. Plant will be built an 
Power Reactor Development Company from designs 
supplied by Atomic Power Development Associates, Inc. 


Combustion 
operated by 


Atomic reactor “breeds” its own fuel 


Stainless steel vessel must withstand 


high temperatures and corrusives 


The world’s largest full-scale nuclear 
reactor of the “fast-breeder” type 
is now being built. It may well an- 
swer the question: 


When will atomic power be 
competitive with conventional 
methods of producing electric 
power? 


As the term “‘fast-breeder’”’ indi- 
cates, the atom-splitting process is 
maintained by so-called fast or high- 
energy particles. It produces more 
nuclear fuel than it consumes. The 
fast-breeder actually turns out a 
kilogram and a fifth of new fuel for 


each kilogram it burns up! 

The “breeding” takes place in a 
36-foot high pressure vessel. Here, 
the high-energy particles (neutrons) 
travel at speeds of thousands of 
miles per second to keep the atom- 
splitting chain reaction going. 
Accent on safety. A major objective 
was to make this reactor vessel safe. 
That called for a lot of highly spe- 
cialized work. 

It also called for a rugged metal: 
one capable of withstanding the tre- 
mendous heat given off in nuclear 
fission, and of bearing up under the 
temperatures and corrosives en- 


countered. The final choice? Strong, 
corrosion-resisting Type 304 stain- 
less steel. It’s a stainless steel that 
contains Nickel — one of the big rea- 
sons for these superior properties. 


How to “fast-breed” ideas. Prob- 
lems involving reactor materials 
may never be a concern of yours. But 
you can run into metal selection prob- 
lems involving corrosion, pressures, 
high temperatures and other de- 
structive conditions almost any time. 
When you do, remember there is a 
good chance that a steel containing 
Nickel will provide the properties 
you want. Let us help you find out. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street aie, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Sample pages from new free booklet design 


“Design and Allegheny Stainless” is illustrated page 
after page with hand-picked examples of good design 
in the gleaming metal. 


many fields from automotive parts to holloware for 
the home . . . to open new horizons for the designer. 


There is a working outline of types and properties 
Twenty-four photographs and drawings in full in the many grades of Allegheny Stainless. Some of 


color, twenty-six in dual color and black and white the new textures illustrated will interest the designer 
become a showcase of the versatility of stainless. looking for new effects. 


The examples are presented with text in terms of Write for your copy of ‘‘Design in Allegheny 
Function, Shape, Texture and Color. They cover Stainless Steel’’—without cost or obligation. 


Allegheny Ludlum Steel Corporation, Oliver Build- 
with actual examples esign—and ideas for futur 
ing, Pittsburgh 22, Pa. Address Dept. MP-6. 


ALLEGHENY LUDLUM 


Export distribution: AIRCO I®TERNATIONAL 
EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 
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E.W. Filer 


... Blue Ribbon Award Winner, 1959 A.S.M. Metallographic Exhibit 


BLUE RIBBON AWARD 
WINNER for best photo- 
micrograph in the class of 
Uranium, Plutonium, Thorium, 
Zirconium and Reactor Fuel 
and Control Elements— 

Mr. E. W. Filer, General 
Electric Co., Aircraft Nuclear 
Propulsion Dept., 

Cincinnati, Ohio. 


HIS AWARD-WINNING 
PHOTOMICROGRAPH, MADE 
WITH A BAUSCH & LOMB 
METALLOGRAPH— 
“Reaction of lanthanum 


oxide with yttrium. 


Bausch & Lomb Metallographs 
help industry boost output and maintain 
quality by providing detailed magnified 

images—visual or photographic—for routine work and advanced research. 


The B&L Research Metallograph is one of a complete line of metallographic equipments. It provides ready 
choice of four different views of the same sample—by bright field, dark field, polarized light, 
or phase contrast—ensuring complete identification. 


Find out how these faster, easier, completely dependable analyses can help you save on time 
and materials. Write for Catalog E-240, and for complete expert 

advisory service. No obligation, of course. Bausch & Lomb 

63806 Bausch St., Rochester 2, N. Y. 


America’s only complete optical source... . from glass to finished product. BAU SC H G LOM B 


Circle 2134 on Page 48-B METAL PROGRESS 


= 
i 
< 
_ 
¢ 
A BS 
é 
P 
; 


currents are used, some arcing occurs between 
the element tip (which reaches about 2700° F.) 
and the metal button. This combination of 
arcing and high temperature eventually erodes 
the metal surface contacting the element so 
that current will not flow. A new contact 
surface is then required. Since buttons are 
used for contacts (instead of the back support 
itself), new contacts are provided by simply 
replacing the buttons. 

At first, it was very difficult to maintain a 
current flow between the heating element and 
the metal base because the contact surfaces 
oxidized. To solve this problem, these surfaces 
were coated with platinum paste. (After curing, 
the paste adheres to both element and buttons 
to provide good contact at high temperatures.) 
As another aid in maintaining current flow, 
heating elements are kept in constant contact 
with the button by the springs in a spring- 
loaded plunger (see Fig. 4). A ceramic guide 
positions the elements. 

With the system described, currents as high 
as 16 amp. can be used with very little arcing 
between the element and metal base. How- 
ever, components last much longer when the 
current is 12 amp. or less. 

As with the Charpy test arrangement, several 
tests established the heating characteristics 
of the Izod heating system. Good temperature 
distribution is hard to obtain at high tempera- 
tures (much heat is lost to the surrounding air 
and the anvil), and becomes poorer with in- 
creasing temperature’. However, tempera- 
ture distribution is good across the notch cross 
section where failure occurs; therefore, the 
small variation along the length of the specimen 
should have little effect on test results. 

For the first specimen, testing temperatures 
were reached within 30 min.; subsequent speci- 
mens required much less time. Specimens can 
be tested as high as 1200° F. by using 16 amp., 
but heating elements and metal buttons have 
to be refinished or changed after several hours 
of testing. 

Though temperature distribution measure- 
ments were made with thermocouples peened 
into the specimen, this is impractical during 
actual testing. Also, because of the heating 
method used, it is impractical to place a con- 


*Above 500° F., we found that temperature 
distribution could be improved and power reduced 
if asbestos shields were used over the specimen. 
Since currents of 12 amp. or less are desired, a 
shield should be used when possible for tests over 
500° F. 
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Fig. 4 — Components for Izod Specimen Heat- 
ing System Include Specimen Back Support 
(B), Thermenol Buttons (C), Heating Elements 
(D), and Element Positioners with Spring- 
Loaded Plungers (E). A is the Izod specimen 


trolling and measuring thermocouple in con- 
tact with the specimen surface in the vicinity 
of the notch. But a thermocouple can be 
peened into or butted against the specimen at 
some location outside the test section, and 
left in place during the entire test for any 
specimen tested. Therefore a groove for 
positioning the thermocouple is machined into 
the back support (shown in Fig. 4). If the 
thermocouple is butted against the specimen, 
a temperature calibration curve, as used with 
Charpy specimens, can be used when testing 
Izod specimens. For actual testing, it is best 
to have the thermocouple fastened into the back 
support, with the bead contacting the specimen. 

The heating system described can also be 
used for testing specimens of various shapes 
other than Izods. For example, several tests 
were made on brazed tubular specimens, 
heating specimens in the machine until 
fracture. 
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Welding Tantalum 
for High-Temperature Systems 


By S. M. SILVERSTEIN, J. N. ANTONEVICH, 


R. P. SOPHER and P. J. RIEPPEL* 


Porosity in tantalum welds depends on the relation between the carbon 
and oxygen content of the base metal. Ultrasonic vibration 

reduces grain size in welds but its application may be limited 

by difficulties in coupling the power source to the work. 


(Kld, 1-74; Ta) 


TantaLum 1s ATTRACTING CONSIDERABLE 
attention as a heat-exchanger material for use 
with nuclear reactors because of its potential 
high-temperature properties and corrosion re- 
sistance. To fabricate reactor components, it 
is necessary to join many different configura- 
tions by welding. Although tantalum assem- 
blies for high-temperature applications have 
been welded previously, these assemblies have 
not required the properties and soundness that 
are needed in weld joints in nuclear reactor 
components. In view of this, the Los Alamos 
Scientific Laboratory sponsored a program at 
Battelle in 1956 to find out whether high-quality 
welds could be made in the commercial tan- 
talum available at that time. Studies were 
confined to tantalum furnished by one source. 
In 1956, there were very few sources of com- 
mercial tantalum and sound welds could not 
always be obtained with the material available. 


Fabrication of This Tantalum Bayonet Heater, 
Being Lowered Into a Glass-lined Steel Vessel Used 
as a Nitric Acid Re-Boiler, Typifies the Progress 
Being Made in Welding Techniques for Metals 
Which Are Readily Contaminated by Oxygen, 
Nitrogen and Hydrogen. Built with vacuum-purge 
welding equipment by the Pfaudler Co., Rochester, 
N.Y., the heater is composed of 52 tantalum tubes, 
each 1%2 in. in O.D. and 0.015 in. in wall thickness 
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The number of sources for commercial tantalum 
has increased since that time, but sound welds 
can be cbtained consistently only from pre- 
mium-priced high-purity stock. 

The work conducted at Battelle was directed 
toward the fabrication of a small tantalum heat 
exchanger. Joining techniques were confined 
to tungsten-electrode arc welding because this 
process had proven satisfactory for joining 
high-temperature components. 

The result of this work was the fabrication 
of several simulated tube-to-header assemblies 
which were sound (leak-free ) within the sensi- 
tivity of a helium mass spectrograph. During 
the investigation, two major problems associ- 
ated with the arc welding of commercial tan- 
talum became apparent: weld porosity in speci- 
mens from some lots of tantalum, and large 
grains in the cast structure of arc-weld deposits. 
Either of these conditions can lead to service 
failure of a welded tantalum container. 

The preparation of several leak-free tantalum 


*Mr. Antonevich and Mr. Rieppel are with 
Applied Physics and Metals Joining Div., respec- 
tively, Battelle Memorial Institute, Columbus, Ohio. 
Mr. Silverstein and Mr. Sopher, formerly with the 
Metals Joining Div., are now, respectively, with 
Lycoming Div., AVCO Corp., Stratford, Conn., 
and Electric Boat Div., General Dynamics Corp., 
Groton, Conn. 
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You will be interested in a special feature, 
P _ “Frontiers of Welding Progress”, now shaping 
up for the July issue of Metal Progress. The 
section will sample a wide area of welding 
technology — fundamental studies of tungsten 
ares, welding electrodes for Type 347 stainless, 
welding and heat treatment of Cr-Mo steel pipe 


3 assemblies during this research demonstrated 
that commercial tantalum can be successfully 

welded by the tungsten-electrode inert-gas 
shielded-are process. 


Carbon and Oxygen Important 


It appears from the results of the research 
that compositional variations in the tantalum, 
particularly in carbon and oxygen content and 
their ratio to each other, have a direct relation 
to porosity. In addition, it was found that arc 
melting of tantalum improves its weldability. 
It is believed, however, that further research 
on this problem is necessary. 

The grain enlargement revealed by metallo- 


Fig. 1— Miniature Heat Exchanger 
Showing Tube-to-Header Welds. 3 x 


= Special Report: Frontiers: of Welding Progress 


in process equipment, welding high-strength 
steels, instrumentation for fusion welding, non- 
destructive testing. You'll also be brought up 
to date on current applications for new welding 
methods — ultrasonic, high frequency _resist- 
ance, Dip Transfer, percussion, pilot projection, 
forge, button, and electron beam. 


graphic examinations of arc welded tantalum 
may seriously weaken the strength and corro- 
sion resistance of the weld. While grain 
growth can be inhibited by ultrasonic vibration 
during welding, grain refinement is accom- 
panied by stressing at the grain boundaries 
which may increase the susceptibility of the 
weld heat-affected zone to intergranular cor- 
rosion. In addition, the problems associated 
with the coupling of the assemblies to the ultra- 
sonic transducer may limit application of the 
technique to relatively simple structures. 


Small Heat Exchangers Made 


Our investigation was based on fabrication 
of a miniature heat exchanger designed to con- 
serve tantalum but to simulate as much as pos- 
sible the welding stresses which would be 
encountered in fabricating a full-scale model. 
Basically the heat exchanger consists of a cylin- 
drical shell, 13g in. in diameter, 34 in. long 
with a wall thickness of 30 mils. The shell 
is capped at both ends with headers 20 mils 
thick. Running longitudinally through the in- 
terior of the shell and welded to the headers 
are a number of tubes, each 3/16 in. in diameter 
and made of 15-mil sheet. These are welded 
to each header in a hexagonal array as shown 
in Fig. 1 with minimum spacing of 1/16 in. 
between tubes. 

Tube-to-header welds were made with the 
equipment shown in Fig. 2. This fixture ro- 
tates a welding torch over stationary work. It 
is equipped with a compound vise to index 
the work under the torch. The entire assembly 
is contained within a controlled-atmosphere 
chamber. Straight-polarity direct current of 
25 to 30 amp. and 10 to 12 arc volts with a 
superimposed high frequency arc was em- 
ployed for welding. Spacing between the 1/16- 
in. tungsten electrode and the work ranged 
from 0.050 to 0.075 in. Welding speeds were 
from 12 to 15 in. per min. Argon flow was 
maintained at 15 cu.ft. per hr. through the 
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welding torch and 20 cu.ft. per hr. into the 
chamber. 


Weld Defects Revealed 


Several of the miniature heat exchangers 
fabricated in this manner were leak-free when 
checked with a mass-spectrograph helium leak 
detector. Good quality was not consistent, 
however, and welds made on some heat ex- 
changers fabricated from either arc-cast or sin- 
tered tantalum exhibited gross porosity. It was 
found also that the grains of the arc welds 
extended through the entire thickness of the 
sheet material. Grains of this size might re- 
duce the strength, ductility, and, more impor- 
tant, the corrosion resistance of a welded joint. 


Porosity Investigated 


Figure 3 shows a typical example of a porous 
weld compared with a sound weld. As will be 
noted, the porosity occurs typically in the weld 
adjacent to the heat-affected zone. The ma- 
terial in which gross porosity occurred during 
welding was considered to be unweldable. 


Metallographic examination showed that most 
unweldable material had discontinuities or in- 
clusions in the sheet stock and weldable tan- 
talum did not (the sections of parent material 
in Fig. 3 show this); but some tantalum which 
was free of these inclusions also proved un- 
weldable. 

The type of inert shielding gas had no visible 
effect on the porosity. Both helium and argon 
were used to weld a lot of tantalum which was 
susceptible to porosity. Neither of these gases 
nor different quantities of them reduced the 
porosity in the weld region. 

It was demonstrated also that the shielding 
technique was not the cause of the problem. 
Several weld beads were made in a dry box 
on tantalum sheet which was consistently po- 
rous in the weld region when the welds were 
made with inert-gas shielding. The dry box 
was evacuated to 0.2 micron and then repres- 
surized with argon gas to atmospheric pressure. 
The welds made in the vacuum-purged cham- 
ber also contained gross porosity. 

Cleaning techniques prior to welding were 


Fig. 2 — Fixture for Welding Tube-to-Header Joints. Weld- 
ing was performed in flexible chamber filled with inert gas 
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investigated as a possible cause of porosity. If 
a material was unweldable, no amount of abrad- 
ing with emery cloth, cleaning in acetone, or 
etching in a bright dip (55 parts 95% H.SO,, 
25 parts 70% HNOs, 20 parts 48% HF) would 
render it weldable. Conversely, if a material 
was not susceptible to weld porosity, it re- 
mained so even though it was not cleaned prior 
to welding. 

The result of all of these studies indicated 


Affected > 


Fig. 3 — Comparison of Porous and Sound Welds 
on Tantalum Sheet. Etched in solution of 
30% lactic acid, 20% HNO., 10% HF. 100 « 


that the porosity was associated in some way 
with the composition of the tantalum. Table | 
gives the carbon and oxygen content of each 
lot. These elements, as will be discussed, are 
of primary importance to weld soundness. The 
hardnesses of welds, type of material (whether 
sintered or are cast, virgin or reclaimed) is also 


Table I — Tantalum Weldability Data 


HARDNESS | ANALYSIS 
Lor THICKNESS Propuction History oF Cast | WELDABILITY | 
MerTAL(a) | C O 
A 30 mils | — 230 Weldable 110 ppm. 208 
B 40 — 98 | Nonweldable | 20 40 
Cc 34 Sintered (virgin) 236 Weldable 80 448 
D 39 Sintered (reclaimed) 105 Nonweldable | 30 31 
D, (4) 39 Sintered (reclaimed) 183 Nonweldable - 140 
D; (6) 39 Sintered (reclaimed) 189 Nonweldable 280 
D; (6) 39 Sintered (reclaimed) 259 | Nonweldable — 560 
E 20 | Arc cast 288 | Weldable | 20 141 
F 30 | Arc cast 402 Weldable 190 113 
G 25 — 122 | Nonweldable 10 39 
H | 20 | Are cast (virgin) 107 Nonweldable 10 175 
H weld 141 10 167 
H; (c) 20 Laboratory 107 Weldable 10 62 
H, weld -- -- 132 - 10 360 
Hz (c) 20 Laboratory 91 | Weldable 30 108 
H, weld - - 104 - 10 49 
Hs (c) 20 Laboratory 93 Weldable 20 37 
H; weld — 107 — 50 16 
H, (c) 20 Laboratory 107 Weldable 20 42 
H, weld - - — - 100 238 
Hs (ce) 20 Laboratory 117 | Weldable | 60 30 
H, weld — 50 129 
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(a) Vickers, l-kg. load. 
(6) Lot D specimens studied to determine effect of oxygen on weld quality. 
(c) Lot H specimens studied to determine effect of arc melting and carbon content. 
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given in the table. In addition, the weldability 
of each material, determined by metallographic 
or radiographic examination, is presented. 

There is no relation between the hardness 
or type of material and porosity. However, 
with the exception of Lot E, whose behavior 
could not be explained, it was noted that if the 
carbon content of tantalum was relatively high, 
the material was weldable. An attempt was 
made to increase the carbon content of some 
low-carbon unweldable specimens by exposure 
to methane gas at elevated temperatures. Al- 
though carbon was adsorbed on the surface of 
the tantalum specimens, it did not diffuse 
through the thickness of the sheet. 

Because of this difficulty, carbon was added 
to molten tantalum during arc melting. Addi- 
tions of 20, 50, 100 or 200 ppm. were made to 
four specimens from an unweldable tantalum 
(Lot H). These additions should have given 
carbon contents of 30, 60, 110 and 210 ppm. 
The resulting analyses are shown in Table I. 
A fifth specimen (H,), to which no carbon was 
added, was remelted for comparison. These 
five specimens were melted in a_tungsten- 
electrode arc furnace under 14 atm. of helium 
and then rolled to 0.020-in. sheet. Radio- 
graphic studies revealed no porosity in any 
welds made on these five arc-melted specimens. 
On the other hand, duplicate welds on the as- 
received arc-cast material were porous. Thus, 
are melting alone can render the material 
weldable. 

To determine why arc melting improved 
weldability, an analysis was made for oxygen 
and carbon for both weld metal and base ma- 
terial of all the Lot H arc-melted specimens. 
The results of these analyses, along with the 
analysis of the as-received Lot H base material 
not arc melted, are shown in Table I. These 
analyses show that are melting of the tantalum 
(which makes it weldable) reduces its oxygen 
content. In some instances, however, subse- 
quent welding on these materials increased the 
oxygen content of the weld regions. Oxygen 
content of welds on these specimens is some- 
times increased over that of as-received tanta- 
lum which has not been arc melted. In some 
instances the oxygen content is higher than 
that of the original unweldable metal. The 
analyses also show that the recovery of carbon 
in the arc-melted tantalum was low. In the 
H, specimen, for example, the planned carbon 
was 60 ppm.; actual content was 20 ppm. 

This work showed that porosity-free welds 
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140 Ppm 


560 Ppm. Oxygen (D3) 
Fig. 4— Effect of Oxygen Content on 


Porosity of Welds. Welds were made on 
tantalum sheet taken from lot D (Table 1) 


can be made on tantalum of low oxygen con- 
tent (less than about 100 ppm.). It is supported 
by another study which demonstrates that 
weld porosity increases as oxygen content of 
the base material increases. Figure 4 shows 
this relation. High oxygen content is not al- 
ways detrimental to weldability, however. Lots 
A and C (Table 1), for example, contain 208 
and 448 ppm., respectively. Yet sound welds 
were made on specimens from each of these 
lots. It is apparent that some other factor en- 
ters into the weldability of the tantalum. This 
factor appears to be the carbon-oxygen ratio. 
If the oxygen content of the tantalum-base 
material is relatively high (above 100 ppm.), 
the material is unweldable; however, if the 
carbon content of the tantalum also is high 
(above 75 ppm.), the material is weldable. The 
explanation for the lack of weldability of sev- 
eral of the materials with low oxygen contents 
is not known. Further studies might give a 
more complete answer to the problem. These 
studies should be directed toward determining 
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Fig. 5— Effect of Ultrasonic Vibrations on 
Grain Size of Welds Made in Tantalum. Top — 
unvibrated arc weld; bottom — ultrasonically 
vibrated arc weld. Electrolytically etched 
in a 90% H.SO, 10% HF solution. 50 x 


the effects of arc melting on a series of un- 
weldable tantalum specimens. Perhaps a sta- 
tistical study of the effects of arc melting and 
of the elements in tantalum which are lost or 
gained through arc melting would help. 


Grain Size Reduced 


Large grain size is another disadvantage in 
are welded tantalum. It seems to be limited 
only by the thickness of the sheet (0.040 in. 
maximum) which was welded. Such large 
grains can reduce considerably the mechanical 
properties of a tantalum weld joint. In addi- 
tion, since impure tantalum has proven suscep- 
tible to intergranular corrosion, a large grain 
structure would offer little resistance to this 
type of attack. This could lead to service fail- 
ure of the tube-to-header assembly. 

A study was made to determine if ultrasonic 
vibrations used in conjunction with the arc 
welding process (inert-gas shielded-tungsten 
electrode) would help prevent excessive grain 
size. It was believed that the energy could 
be induced in the tantalum during or subse- 
quent to welding or both. Other investigators 
have found ultrasonic methods effective in re- 
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ducing the grain size if applied when the metals 
are in either the molten or plastic state. Some 
success has been obtained with ultrasonic tech- 
niques used during several welding processes 
to prevent excessive grain size. 

Briefly, our technique consisted of ultra- 
sonically vibrating small sheet specimens (0.5 
x 2.75 x 0.03 in.) in the longitudinal direction 
during welding. Welds also were made in the 
longitudinal direction. To suppress transverse 
vibration —a problem which caused expulsion 
of the molten weld metal — we twisted and 
locked one end of the specimen in a clamp, 
thus stressing it during vibration. This tech- 
nique did not suppress the longitudinal motion 
but proved effective only for relatively low 
vibration amplitudes. There seems to be, how- 
ever, a maximum stress beyond which weld- 
metal expulsion occurs in the weld zone. This 
limiting value seems to be between 14,000 and 
17,000 psi. for these particular specimens. 

The effect of applying ultrasonic vibrations 
during welding is shown in Fig. 5. The vi- 
brated specimen has a weld grain size of about 
one-third that of unvibrated tantalum. This 
reduction in grain size was found in specimens 
subjected to an ultrasonically induced stress in 
the vicinity of 17,000 psi. 


Coupling Difficult 


The difficulty involved in coupling an ultra- 
sonic source to a specimen limited the work 
to simple bead-on-plate welds. Thus, the cou- 
pling problem may limit the application of 
ultrasonics during welding to relatively simple 
structures. Because of this difficulty, a study 
was initiated to evaluate the effects of ultra- 
sonics on the grain refinement of weldments 
heated to temperatures below the melting point 
of tantalum. Other investigators have indi- 
cated the possibility of using ultrasonic vibra- 
tions to break up dendritic crystals formed in 
an alloy solidified without vibration. Conceiv- 
ably, a tantalum assembly could be welded, 
heated to an elevated temperature, and sub- 
jected to ultrasonic vibrations. Such a scheme 
would be more practical than vibrating during 
welding. Several attempts were made to in- 
duce ultrasonic vibrations in welded samples 
heated to about 1830° F. The test results were 
inconclusive because of difficulties with me- 
chanical coupling and shielding from oxidation. 
It was believed, however, that the heat-affected 
zone of a weld made during the application of 
ultrasonic energy would typify the condition 
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of applying ultrasonics to a tantalum weld joint 
heated to elevated temperatures. 
Metallographic studies of heat-affected zones 
showed that the etching attack of grain bounda- 
ries of specimens vibrated during welding was 
greater than for unvibrated specimens. This 
indicates that grain boundaries of vibrated 
specimens are more highly stressed. As a re- 
sult, ultrasonically vibrated tantalum might be 
more susceptible to intergranular corrosion. 
These studies show that the application of 
ultrasonic energy during welding does produce 
grain refinement in the weld metal. However, 
stressing of the grain boundaries which occurs 
simultaneously in the heat-affected zone may 
reduce the corrosion resistance of the weld- 
ment. Future work might be directed toward 
developing a technique which would give opti- 
mum grain refinement without adversely affect- 
ing the material adjacent to the weld deposit. 


Recommended Procedures 


Are welding procedures for joining tanta- 
lum are well established. Among the impor- 
tant considerations necessary for producing 
consistently sound leak-tight joints are: mate- 
rial selection, cleaning procedure, joint align- 
ment, welding atmosphere and shielding 
techniques, and actual joining procedures. 

High-purity tantalum should be selected be- 
cause welds in this material, in general, are 
sound. Arc-melted tantalum with a low oxy- 
gen content (below 100 ppm.) is preferred. 
However, sintered tantalum also may be used 
if the oxygen content is low. If the oxygen 
content is above 100 ppm., then the carbon con- 
tent of this material should be above 75 ppm. 
All other impurities should be at a minimum. 

Cleaning prior to welding should be thor- 
ough. The tantalum should be degreased with 
acetone or some other common solvent. If the 
surface is partially oxidized or has a gray scale, 
it should be abraded lightly with emery paper 
and again degreased. Etching with the bright 
dip described previously removes heavy scale. 

The use of hold-down clamps and backup 
bars may assist in joint alignment. If these 
are used, they should be placed or machined 
so that they permit free circulation of shielding 
gas around the weld area. Copper or steel 


aligning clamps and backup bars may be used. 

Joint designs are similar to those for other 
metals. If butt welds are made in thin tanta- 
lum sheet, the edges of the material should be 
in intimate contact with each other. 


If joint 
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fitup is good, no additional tantalum filler 
material will be required. 

The shielding gas used in this program was 
welding-grade argon. Some investigators, how- 
ever, prefer helium. Either of these gases or 
combinations of the two are acceptable for 
are welding tantalum. The weld produced 
should be bright and shiny on both the root 
and top of the weld. Adequate shielding can 
be obtained by welding in a dry box which 
has been evacuated to 1 micron and refilled 
to atmospheric pressure with inert gas. To in- 
sure an inert atmosphere, a small piece of scrap 
tantalum should be welded first. This pro- 
cedure serves as a check to see whether a 
bright, shiny weld bead can be produced in the 
atmosphere present. 

A chamber, as shown in Fig. 2, made of lucite 
or glass and including a flexible rubber dia- 
phragm may be used to obtain adequate shield- 
ing. The chamber should completely surround 
the part to be welded or at least all of the tan- 
talum material which will be heated to ele- 
vated temperatures by welding. A positive 
pressure of inert gas should be maintained in 
the chamber prior to, during, and subsequent 
to welding. Purging time will depend on the 
chamber size, and positive gas pressure should 
be maintained until the weldment has reached 
ambient temperatures. 

Welding should be conducted by the inert- 
gas tungsten-are process, and, if possible, the 
process should be automatic or semi-automatic. 
Direct-current, straight polarity with a super- 
imposed high-frequency are is recommended. 
The high-frequency characteristic will assist in 
establishing the welding arc without contami- 
nating the tantalum with the tungsten elec- 
trode. Thoriated tungsten electrodes are 
recommended. Current and voltage values will 
depend on the thickness of the tantalum to be 
welded, as well as the welding speed. As an 
example, satisfactory welds have been obtained 
in tantalum 0.020 to 0.030 in. thick using 25 
to 30 amp. and 10 to 12 volts for welding 
speeds of 12 to 15 in. per min. Electrode-to- 
work distances should be kept as constant as 
possible, since any variation will result in 
changes in weld penetration. Recommended 
distances are 0.050 to 0.075 in. for argon. 

These recommendations relate to the types 
of assemblies which were welded during the 
program described in this paper. Fabricators 
should establish conditions which would better 
fit their individual applications for tantalum. @ 
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Glass Lubricants Aid 
High-Temperature Forming 


By W. MICHAEL STERRY* 


Preliminary tests, backed up by practical experience, 
demonstrate that molten glass not only lubricates effectively 
but also protects sheet metal parts from oxidation 

while they are being formed at high temperature. 


(G-general, 1-66; NM-h, NM-f42) 


Increasinc use of superalloys and refrac- 
tory metals has resulted in great interest in hot 
forming of such alloys because of their high 
strength and low ductility at room tempera- 
ture. While they can be satisfactorily hot 
forged and extruded, they are not easily formed 
as sheet or thin-gage parts. Major problems are 
the lack of forming lubricants capable of func- 
tioning at elevated temperatures and the high 
oxidation rates of these alloys when hot. Where 
severe forming and thin gages are involved, in- 
adequate lubrication may result in galling, seiz- 
ing and scoring, and nonuniform thickness in 
the formed part or tearing. Oxidation can 
result in significant losses in alloys of molyb- 
denum, for example, or formation of difficult- 
to-remove scale on superalloys. 

Fortunately, previous work on hot forming 
of early titanium alloys suggests approaches to 
the current problems. The work which is de- 


*Aero-Space Division, Boeing Airplane Co., 
Seattle, Wash. 
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scribed in this article was performed some time 
ago when engineers at the Boeing Airplane Co. 
studied the properties and fabrication of tita- 
nium alloys. Our experience indicates that 
various glasses give excellent lubrication and 
protection from oxidation when hot forming the 
superalloys. Proper use of the right composi- 
tions results in parts free of scale, even bright 
metal, after removal of the lubricant. Compo- 
sition is a matter to be worked out with 
suppliers of enamel frit or specialty glass manu- 
facturers, who can provide glasses with various 
fusion temperatures, viscosity, and low chemi- 
cal resistivity. Content of alloys to be formed 
is important in choosing a glass since oxides 
formed on the metal will dissolve in the glass, 
thereby changing its composition and possibly 
its removal properties. Selection of a glass on 
the basis of its lubricating properties at the 
higher temperatures can be done with small- 
scale test apparatus, described here, which 
simulates conditions in forming dies. 
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Fig. 1 — Apparatus for Testing Glass Lubricants 
at High Forming Temperatures. Glass-coated 
specimen (not shown) held between heated jaws 


Problems in Forming 


Significantly, in the titanium alloys first con- 
sidered there was little difference between ten- 
sile and yield strengths. This presented difficult 
conditions for hammer and draw bench form- 
ing and drawing. Consideration was given to 
forming these parts at elevated temperatures 
where the mechanical properties are more suit- 
able. For example, above 800° F. the yield 
strength of a typical titanium alloy was much 
lower and the spread between yield and ulti- 
mate was greater. Exploratory work showed 
formability at 800 to 1400° F. to be satisfactory; 
however, serious galling of the sheet metal 
occurred at these temperatures. Conventional 
forming lubricants proved inadequate. Dies 
scored badly and required refinishing between 
operations. 

A dry film lubricant, molybdenum disulphide, 
was tested but it too proved unsatisfactory be- 
cause carriers or vehicles which are stable at 
800° F. or higher were not available. Thus 
uniform distribution of the lubricant between 
part and die was prevented. Colloidal graphite 
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is loaded in tension. Relation between jaw pres- 
sure and load required to move specimen is taken 
as a measure of lubricating qualities of the glass 


applied to open-structured Meehanite dies re- 
sulted in marginal success up to 800°F. It 
was unsatisfactory, however, with dies fabri- 
cated from wrought alloys whose dense struc- 
ture would not hold the graphite. 


Glass Lubricants Considered 


The preceding considerations motivated a 
study of the feasibility of using low-melting 
glasses in a molten condition as lubricants dur- 
ing forming at elevated temperature. It was 
hoped that a molten glass of the correct viscos- 
ity would maintain a lubricating film and that 
the presence of this film would prevent or 
inhibit galling. 

Initially the program was aimed at develop- 
ing lubricants for forming 6-in. diameter hemi- 
spheres from 5% Al, 214% Sn titanium sheet at 
800 to 1000°F. Titanium parts previously 
formed in this die at 800 to 1000°F. galled 
severely. Fusion tests were made on more than 
30 glass samples such as ceramic glasses, alumi- 
num porcelain enamels, glasses for glass-metal 
seals, and low-temperature compositions devel- 
oped in the Boeing Laboratories. The glasses 
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not eliminated were ball milled with suspend- 
ing agents, sprayed on test coupons, and fired 
in the range of 800 to 1000° F. to determine if 
they would fuse down to smooth coatings and 
would wet the titanium satisfactorily. These 
test panels were also used to determine the 
relative solubility of the glasses in various re- 
agents which might be used for removal of the 
lubricants after forming. 

These tests further eliminated some of the 
glasses which were too soluble in the suspend- 
ing agent to form stable and workable lubri- 
cants and also those whose melting tempera- 
tures were too high. Best results were obtained 
with certain glasses and suspending agents 
which, when dry, produced hard, adherent coat- 
ings and, when fired, coatings of low chemical 
resistivity. Most of the compositions falling 
in this category were readily removed in a 20% 
nitric acid solution, a reagent which does not 
embrittle titanium alloys as do sulphuric and 
hydrochloric acids. The combination of glasses 
and suspending agents forming workable sus- 


Fig. 2 — Heated Jaws of Lubricant-Testing Apparatus. 
Land on face of one jaw provides a more severe 


test of the ability of lubricants to prevent galling 


XL-D 850° F. 


XL-B 900° F. Fig. 3 — Typical Evaluation 


Data for Glass Lubricants 
on Titanium Strips. Tests 
were conducted in appara- 
tus shown in Fig. 1. Curves 
of minimum slope point 
out best potential lubricants 
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pensions and meeting other requirements was 
used in tests to evaluate their lubricating 
properties. 

A laboratory lubrication evaluator was built 
for preliminary studies. This device, shown in 
Fig. 1 and 2, consists essentially of a pair of 
heated jaws through which titanium strips were 
drawn. The drawing force was recorded for 
various jaw pressures and temperatures. In 
use, as shown in Fig. 1, a lubricated strip, held 
at one end in the lower jaws of a tensile test 
machine, was placed well up between the 
heated jaws. The strip was allowed to reach 
the same temperature as the jaws; then the 
small ram was actuated to give a predetermined 
low unit jaw pressure and a tensile load was 
applied to the strip. As soon as the strip began 
to move, travel of the lower jaw was stopped, 
and the pull was recorded. Then the pressure 
of the heated jaw was increased another incre- 
ment, usually about 500 psi., and the process 
repeated until the jaw pressure on the strip 
reached 14,000 psi., depending upon the width 
of the sample. This procedure was repeated 
for several temperatures. To produce galling, 
one jaw face contained a raised land about 1 in. 
wide and running the width of the jaw. This 
configuration galled bare test strips and thus 
provided a better test of the lubricants. 
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Fig. 4 — Hemispheres Which Were Formed in 
Hot Dies. Blanks, coated on both sides with 
glass, were heated before forming. Left — as 
formed; right —after removal of lubricant 


Measures Lubricating Ability 


Typical data obtained from lubricant tests 
are shown in Fig. 3. Good lubrication was pro- 
duced by XL-B which shows curves with mini- 
mum slopes over a wide range of temperature. 
Compared to the bare titanium alloy, this lubri- 
cant decreased the tensile force on the strip by 
a factor of three to four and prevented galling. 
Poor lubrication is shown by XL-B at 800° F. 
where the lubricant had not softened sufficiently 
to provide a lubricating film, and by XL-D at 
1000° F. where the film had broken down. The 
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maximum of this curve indicates that lubricant 
failure caused the specimens to bind between 
the grips and elongate. This behavior is char- 
acteristic of poor lubricants. 

Tests were then made by drawing 6-in. di- 
ameter hemispheres in the heated die. The die 
and binder ring were heated by embedded Cal- 
rod units; the punch was not heated. In opera- 
tion, the blanks, previously coated on both sides 
with lubricant, were placed between the die 
and binder ring which were at operating tem- 
perature. About 5 min. was allowed for the 
blank to reach the forming temperature before 
the draw was made. No difficulty from lubri- 
cant buildup or hardening due to alkali vola- 
tilization was encountered in forming eight 
parts in a period of about 24% hr. An inhibited 
HC] pickle removed the lubricant from the dies 
without causing significant metal loss. 

Figure 4 shows four typical parts before and 
after lubricant removal. There was no galling 
or seizing of any of the parts, and scale forma- 
tion was inhibited considerably. The slight 
earing of all cups resulted from either a high 
spot on the die or the blank being off center. 

From tests like these, it was found that the 
most suitable lubricants were certain porcelain 
enamel glasses for aluminum which experience 
only small change in viscosity as temperature 
is varied. Lubricant XL-B, a blend of several 
of these frits, is characteristic of the type. Other 
soft glasses of equivalently low softening and 
fusing temperature, but less complex composi- 
tion, were less satisfactory. As might be ex- 
pected, the more complex had the wider range. 


Need for Higher Forming Temperature 


The success of the preceding tests brought 
forth requests from other organizations within 
the company for lubricants to be used at 1200 
to 1500° F. in other titanium alloy forming oper- 
ations. There was hesitation at first since the 
laboratory tester could not be used above 1100° 
F. because of limitations of the cartridge heat- 
ing elements. Also, the lubricants were for test 
in drop hammer forming operations. For ex- 
ample, duct-half transition sections were to be 
drop hammer formed using a heated Meehanite 
die and cold Kirksite punch. In another opera- 
tion a punch and cold Kirksite die faced with 
sheet steel were to be used to form a hat-section 
stringer. Parts were to be torch heated to about 
1300 to 1400° F. for forming. Unfortunately 
preliminary data could not be obtained with 
the laboratory tester, because the cartridge 
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heating elements were limited to temperatures 
below 1100° F. Extrapolation of the observed 
properties of the lubricants at 800 to 1000° F. 
was necessary to help choose glasses which 
would have similar properties at the higher 
temperatures. Certain porcelain enamel glasses 
were chosen on the basis of their viscosity char- 
acteristics at 1300 to 1400°F. These, when 
milled with selected suspending agents and mill 
additions, had low chemical resistivity, pro- 
duced a tough adherent dry coating, and re- 
sisted tearing which could result from torch 
heating of the blanks. A typical batch compo- 
sition which can be applied by brushing or 


spraying is: 
Parts BY WEIGHT 


Glass (—100 mesh) * 100 

Butyl acetate 14.5 

Butyl alcohol 26.7 

Ethylene glycol 3.5 

Acrylic resin 10.0 

Suspending agent 3.0 

The forming procedure with the Meehanite 
die consisted of first torch heating the die to 
the required temperature, placing the glass- 
coated blank over the die, and then torch heat- 
ing it to the forming temperature. When the 
blank reached the correct temperature, as indi- 
cated by a contact pyrometer, the punch was 
dropped. When using the Kirksite die, which 
was faced with sheet steel, the blank was placed 
directly on the die; the blank was torch heated 
to the forming temperature, and the punch was 
dropped. In this latter instance, the die tem- 
perature did not exceed 300° F. — well below 
the softening temperature of the lubricant. 
Figure 5 shows some of the parts which were 

hammer formed. Lubrication proved adequate 
in both hot and cold dies. Success encountered 
with the cold die was surprising since poor lu- 
brication due to the chilling effect of the die 
was expected. Apparently, however, the speed 
of the hammer forming operation allowed the 
glass to remain fluid long enough to lubricate, 
thus inhibiting scale formation and preventing 
galling on all parts. Scale remaining after the 
lubricant was dissolved was removed in one 
fifth to one tenth the time normally required to 
remove scale on unlubricated areas. 


Hammer Forming at 1600° F. 


Increased interest in hot forming of 6% Al, 
4% V titanium alloy indicated a need for a lubri- 


*A. glass lubricant satisfactory for use between 
1100 and 1400° F. contains 10% aluminum oxide, 
65% boric acid and 25% sodium oxide. 
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cant to be used in hammer forming of a num- 
ber of hat-section stringers similar to those on 
the right in Fig. 5. Parts were to be hot formed 
in cold dies by torch heating the sheet to 1600° 
F. The higher forming temperature required 
the use of a lubricant which would protect the 
sheet from oxidation. Also, a lubricant which 
could be removed in available company clean- 
ing or pickling baths was needed since the hot 
forming technique was expected to be phased 
into production. 

Several commercial porcelain enamels were 
evaluated. Although they lubricated satisfac- 
torily and prevented scale formation, they were 
too difficult to remove. Further work on com- 
positions previously developed for protecting 
metals during heat treatment finally produced 
several glasses which lubricated satisfactorily 
at 1600° F., had low chemical resistivity, and 
prevented scale formation on the metal. Un- 
fortunately, these glasses were partially soluble 


Fig. 5 — Hammer-Formed Titanium Parts. 
Glass-coated starting blanks were torch 
heated to forming temperature. Although 
some of the parts were formed in cold dies, 
none was galled. Glass lubricant also re- 
duced scale formation of the titanium sheet 


in water. Thus, an organic suspending vehicle 
was required. 

Table I presents comparative data for a num- 
ber of lubricants evaluated for hammer forming 
operations at about 1600°F. Three glasses de- 
veloped at Boeing (F-140-25, F-140-26 and F- 
140-31) are compared with a commercial 
enameling glass (XD-106), recommended be- 
cause of its low chemical resistivity, and three 
proprietary forming lubricants. For our pur- 
pose, composition F-140-31 was most satisfac- 
tory. It was removed by a 10 to 15-min. 
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Table I — Comparison of Glass Lubricants for Hammer Forming 
Titanium Sheet (6% Al, 4% V) 


APPLICATION 
LuBRICANT PER SQ. Fr. GALLING PICKLE 
| Tor | Borrom 

F-140-26 | 396] 43.5 1.4 1625° F. None | Nitric acid 
F-140-26 42.2 54.9 1.4 1665 None Nitric acid 
F-140-26 42.8 57 1.4 1585 None Nitric acid 
XD 106 31.4 24.6 1.8 1665 None Nitric acid 
F-140-25 30.9 30.9 1.38 1365 None Nitric acid 
F-140-3] 12.9 12.6 1.4 1690 None Sodium hydroxide 
F-140-3] 8.4 14.4 1.4 1400 None Sodium hydroxide 
F-140-31 5.4 12 1.4 1500 None Sodium hydroxide 
DAG 41 — — — 1650 Galled | Nitric-hydrofluoric 
Aqua forging 

compound | — _— — 1650 Galled | Nitric-hydrofluoric 
Hamicote D20 | — — — 1650 Galled | Nitric-hydrofluoric 
None 1650 Galled | Nitric-hydrofluoric 

*Grams. 


immersion in a hot sodium hydroxide bath (20 
to 30%) followed by a bright dip in a pickle 
bath. No scale formed and metal loss was in- 
significant. The other glasses required 30 
min. to 3 hr. in cold nitric acid (30%) plus 
scrubbing for removal. Proprietary compounds 
were removed only after scrubbing in caustic 
solution and considerable time in a pickle bath. 
Composition F-140-31 and several modifications 
for lower temperatures can now be obtained 
from several suppliers of porcelain enamel frit.* 


Simple Viscosity Test 


It was hoped that an inexpensive viscosity 
test would be found which would provide good 
correlation between some viscosity index and 
lubricating properties. An A.S.T.M. fusion flow 
test for porcelain enamel glass, C 374-55 T, 
meets these requirements at higher tempera- 
tures. The test is performed by pressing 2 to 
3 g. of ground glass into small cylinders and 
placing pellets of the glasses to be compared 
on a horizontal panel in a furnace. The panel 
is allowed to remain in the horizontal position 
until the pellets soften and adhere to the panel. 
It is then tipped to a vertical position and the 
most fluid glass is allowed to flow a given dis- 
tance. A comparison of the flow length of each 
glass indicates its relative viscosity at the test 
temperature. This test will show that if glass 

*Several companies such as Ceramic Products 
Div., E. I. du Pont de Nemours & Co., Inc., Wil- 
mington, Del., Ferro Corp., Cleveland, Chicago Vit- 
reous Corp., Cicero, Ill., Pemco Corp., Baltimore, 
Md., O. Hommel Co., Pittsburgh, Corning Glass 
Works, Corning, N.Y., supply glass lubricants ready 


to use or as special compositions. 
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A, which has satisfactory lubricating properties 
at temperature x, has a certain fusion flow at 
the same temperature, then a lubricant for use 
at temperature y will be that glass with the 
same fusion flow at temperature y. 

The fusion flow test gives good correlation 
above 1200°F. At lower temperatures, in the 
range 800 to 1100° F. for example, the results 
are unreliable. However, the laboratory lubri- 
cation evaluator was found to be quite adequate 
between 800 and 1100° F. for all glasses, par- 
ticularly those to be used as lubricants in deep 
drawing operations. 

Additional factors such as thickness of the 
glass film influence the performance of lubri- 
cants in drop hammer forming with cold dies. 
Experience gained in this work indicates that 
with some ingenuity, lubrication characteristics 
could be evaluated by using small dies. For 
best correlation with lubricant performance on 
full-size parts, it would be necessary to obtain 
proper chilling effect. This could be accom- 
plished, for example, by using dies of different 
metal composition and varying die dimensions. 

In forming alloys of refractory metals such 
as molybdenum and tungsten, it may be neces- 
sary to go up to 3000° F. Glasses of unconven- 
tional composition with very high melting 
temperatures will be required. It is probable 
that they will have greater chemical resistivity 
and as a consequence be more difficult to re- 
move from formed parts. Oxides of molyb- 
denum and tungsten are quite compatible with 
most glass compositions and should actually 
aid the wetting of the metal by lubricants. This 
will improve resistance to further oxidation. @ 
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Better Heat, Tréating Practices 


Clarify Your Heat Treating 


Specifications! 


By L. J. HAGA* 


Vague, poorly written specifications can lead to misunderstandings 

and arguments between customer and heat treater. 

Specifications for hardness, tensile properties, surface condition, 
straightness (or flatness), and case hardening methods must be 

carefully spelled out if trouble is to be avoided. (J-general, $22, Q29e; ST) 


Tuoucu HEAT TREATING PRACTICE is con- 
trolled by two kinds of specifications — one 
describing processes and equipment, the other 
describing the results desired from heat treat 
processing — this discussion will be concerned 
only with the latter. Specifications describing 
the results expected are a form of communica- 
tion between the engineer (or designer) of a 
part and the heat treater. Any vagueness, un- 
certainty, or omission in the specified require- 
ments can lead to trouble. Equally dangerous 
is the improper interpretation or misunderstand- 
ing by the heat treater of a physical require- 
ment properly described on a print or chart. 

What are the sources for such errors? In 
the writing and interpretation of specifications, 
there are several weak spots. Some of them 
can be found in each of five commonly speci- 
fied requirements — hardness, tensile properties, 
surface condition, straightness (or flatness ), and 
case hardening method. 


Hardness Is Indirect 


Hardness is so widely used as the sole heat 
treat requirement that engineers often forget 
that hardness, for its own sake, is usually not 
actually what is wanted from a heat treating 
process. In many types of service, the impor- 
tant characteristic is not hardness but tensile 
strength, fatigue strength, impact strength or 
some other special property. However, these 
properties are not specified because it is diffi- 
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cult to make tests of this nature. Since hard- 
ness tests are easily and quickly made, engineers 
commonly correlate hardness with the results 
of these special tests, and then specify the hard- 
ness that corresponds to the desired property. 
The weak spot here is that the correlation be- 
tween hardness and special property is not 
consistent for all materials. Therefore, using 
hardness as a measure of some other charac- 
teristic is not always good practice. 

One factor to be considered in making hard- 
ness tests is the thickness of the material being 
tested. It is not unusual to find Rockwell C- 
scale hardness specified for material less than 
0.015 in. thick — a thickness which cannot sus- 
tain the load of the test to give a true reading. 
Though the “official” conversion from one hard- 
ness scale to another is available (A.S.T.M. 
specification E 140-58), there is a drawback. 
The physical characteristics of a given mate- 
rial may not be the same in thin sections as in 
thick sections of the same conversion hardness. 
For example, consider two flat springs of simi- 
lar design and equal conversion hardness. The 
one with the thinner section will be the “softer” 
spring. Table I shows the limiting thickness 
of material that can safely be checked using 
the various hardness scales. 

Considerable variations from true hardness 
will occur when reading hardness on round 


*President, State Heat Treat, Inc., Grand Rapids, 
Mich. 
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Table I— Minimum Thickness That Can Be 
Checked by Various Hardness Scales * 


Table Il — Rockwell Hardness Corrections for 
Round Work* 


Deas. STANDARD ROCKWELL DiAMETER, IN. 

DIAMOND BALL ‘ | 34 34 I 
93 | — | 0028in. wont | Add to Reading 
90 — 0.032 0.004 in. Cc, A and D Scales 
85 | 0.012 in. 0.036 0.006 100 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0} 0.0 
80 | 0.016 0.040 0.008 90 0.3 0.2 0.2 02? | @) 0.1 
75 0.020 0.044 0.010 80 0.7 0.5 0.4 0.3 | 0.2 | 0.2 
70 0.024 0.048 0.012 70 | 12 08 06 05 | 04) 03 
65 0.028 0.052 0.014 60 | BF 13 0.9 | 0.7 | 0.6) 0.4 
60 0.032 | 0.056 0.016 50 23 16) 12, 10 08 06 
55 0.036 | 0.060 0.018 40 3.0 Be 1.6 1.3 1.1 0.8 
50 0.040 | 0.064 0.020 30 4.0 23 | 29? 18 | 1.5 1.1 
45 0.044 0.068 0.022 20 5.3 3.7 2.8 2.3 1.9 15 
40 0.048 0.072 0.024 10 6.6 4.7 3.8 2.9 | 2.4) 2.0 
35 0.052 0.076 0.026 15 N, 30 N and 45 N scales 
30 0.056 0.080 0.028 100 | 0.0) 0.0 | 0.0 | 00 0.0 0.0 
25 | 0.060 0.084 0.030 90 0.3 | 02 0.2 | 0.1 | 0.0; 0.0 
20 0.064 | 0.088 0.032 80 0.6 0.4 0.3 0.2 | 0.1 0.1 

70 09 | 0.6 | 0.5 | 0.4 | 0.3! 0.2 

*Source — Service Diamond Tool Co., Ferndale, 60 13 | 0.9 | 0.7 | 0.6 | 0.41 0.4 
Mich. 50 1.7 12} 09 | 0.8 | 0.6! 0.5 
40 2.5 1.6 12 10 608 0.6 

30 2.9 1.9 1.5 @7 

pieces of small diameter. If it is inadvisable 20 | 22 | te) 02142) 

to grind a small flat spot for a hardness test on B, F and G scales 

such a piece, the test may be made directly on 100 ) 31) 22) 16) 13 11 | 08 

90 | 2.9 1.7 1.4 1.1 

the circumference of the piece, and a correc- 80 | 511351071 011171 14 

tion applied as given in Table Il. In making 70 | 601 42!32 126/121! 16 

hardness readings on pieces of small diameter, 60 70 | 49 | 3.7) 3.1 |26| 19 

it is important that the testing machine be in 50 79 | 55 | 42 | 35 | 29) 22 

good alignment so that the test piece is exactly 

centered under the penetrator. 0 10.7 56147138 
Important in parts which have considerable 10 1.7179 !160151 1421 3.1 

variations in wall thickness and which are made 0 12.5 | 85 | 65 | 5.5 14.5) 3.3 

of a steel of low hardenability is the variation 15 T, 30'T and 45'T scales 

in hardness that develops in different locations = 

of the same piece. Figure 1 shows a casting 80 929' 16113111109. 07 

made of 0.35% carbon steel. The body is about 70 3.3 | 24 | 1.5 | 1.3) 1.0 

34 in. thick while the web or flange section is 60 43} 32 | 24 | 28117) 35 

about 3% in. thick. The range of hardness, 50 3.9 | 29 24 15 
40 6.3 | 4.6 3.4 2.9 | 2.4 1.8 

which is listed in the caption for Fig. 1, may 30 73\52\40133 127. 20 

well exceed the normal range of acceptability. 20 83 58/45/37 30. 22 

Thus it is important that the location of the 10 93 64 | 50 | 4.1 | 3.3] 2.5 

hardness test be specified in this type of part. 0.3 | 7.0 | 54 | 45 | 3.6) 27 


Tensile Properties — Testing Is Difficult 


For some classes of work the heat treat re- 
quirement is specified in terms of tensile 
strength rather than hardness. Here, the temp- 
tation is to go to the conversion charts, and con- 
vert the tensile strength to hardness. Then, of 
course, the heat treater quenches and tempers 
to the hardness value obtained from the chart. 
Unfortunately, several conversion charts are 
not consistent with each other, and also, results 
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0 10.: 
* Source -— Service Diamond Tool Co., Ferndale, 
Mich. 


from individual test bars may vary considerably 
from the chart values. The only safe procedure 
is to heat treat tensile test pieces with the work, 
and judge the work on the basis of the tensile 
results. On steel ordnance work and all alu- 
minum alloys, this is the only acceptable way. 

In many parts subject to fatigue stresses the 
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depth of decarburization is im 
portant. If the heat treated sur- 


Table III — Variations in Case Depth Measurement 


by Five Methods 


face of critically stressed parts 
is not removed by machining or 
grinding, the permissible amount 


METHOD 


S.A.E. 1010 | S.A.E. 8620 


| 1450° F.* 1700° F.¢ 1400° F.t 


of decarburization should be 
specified as a part of the heat 
treat requirement. 


Straightness or Flatness 


lotal case at 100 x 
Etched case at 10 x | 0.043 0.040 0.050 


0.050 0.045 0.047 


Depth at 50% martensite 0.030 0.034 0.040 
Depth at Rockwell C-50 0.026 0.038 0.042 
Fracture measurement at 10 x 0.040 | 0.036 0.044 


Long cylindrical parts or parts 
with a considerable area of flat 
surface are not likely to stay 
straight or flat during heat treating. Though 
heat treating practice can be controlled to mini- 
mize distortion, invariably some sections will 
not be true. Ordinarily, no straightening is 
done unless specified because the operation is 
costly. Straightness tolerances should not be 
needlessly close. “Must be straight” or “Must 
be flat” are requirements which, if taken liter- 
ally, would be very expensive to meet. The 
customer should always take into account the 
relative cost of straightening against the cost 
of removing a little extra stock after heat treat- 
ing. Tolerance should then be a reasonable 
compromise between the cost of straightening 
and the additional cost of grinding or machining 
after heat treating. 

Case Hardening — The most important speci- 
fication for case hardening covers the require- 
ment of case depth. A very weak spot here, and 
the cause of much confusion, exists because 
there is no standard method for measuring 
case depth. Customers frequently specify no 
method at all for measuring case depth. How- 


Fig. 1 — Casting With Variable Thicknesses. 
Brinell hardness range — as quenched: thin 
section, 418; thick, 340. For a 600° F. tem- 
per: thin section, 387; thick, 321. For a 
900° F. temper: thin, 302; thick 262 
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*Water quenched. 


¢ Oil quenched. 


ever, there are at least five acceptable methods 
for making this measurement: (a) total case at 
100 x, (b) etched case at 10 x, (c) case depth 
at 50% martensite, (d) case depth at Rockwell 
C-50, and (e) fracture measurement at 10 x. 
To complicate matters, the case depth measured 
by the five methods may vary over a consider- 
able range, as shown in Table III. The differ- 
ence in the case depth readings obtained from 
different methods of measurement is rather 
striking in the two samples of carburized 1010 
steel. Also, the table shows how the heat 
treater can control (to some degree, at least) 
the case depth of a given carburized part by 
varying the method of hardening. Clearly, a 
moderately high core hardness (Rockwell C-35 
for 8620) also affects the case depth as meas- 
ured by certain methods. 

The variation in results shown in Table III 
is a strong argument for a standard method of 
measurement. Certainly there is a need for a 
specified method of measurement to accom- 
pany the specification of case depth. 

Two more questions complicate case depth 
specification. Is the specified case depth to be 
present in the finished part after grinding? If 
so, what will be the straightness of the piece 
before grinding? If specified case depths must 
be found in parts after grinding, the heat treater 
must carburize to a depth greater than specified 
to allow for removal of grinding stock and to 
compensate for the greater amount of case re- 
moved from one side of a warped part. The 
first factor can be measured; the second must be 
estimated on the basis of past experience. 

To conclude, this article is intended to stimu- 
late thinking about some factors that can cause 
misunderstandings resulting in service failures. 
Those who write specifications and heat treaters 
who interpret them must understand the diffi- 
culties which can be caused by vague, incom- 
plete or ambiguous specifications. S$ 
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Ever SINCE THE ANCIENTS first discovered 
that their new wonder metal “iron” would get 
much harder if it was dunked in water when 
red hot, distortion has been a problem. (In 
fact, it may very well be that the first scimiter 
was a sword—before it was quenched!) 
Though many years have passed, and “science” 
has been substituted for “art” in heat treating, 
the causes of distortion are still not thoroughly 
understood. And one must have ‘some idea of 
the causes of distortion if one is to find the cure. 

Following this line of reasoning, I talked to 
several heat treaters and asked them what they 
did to cause distortion. Since I received no 
replies —just icy glares—this is apparently 
still a closely guarded trade secret, especially 
between the heat treater and his customer. 
Because I have a captive customer (North 
American Aviation) for my “consulting” serv- 
ices, 1 can give an answer, basic and simple: 
Distortion is caused by (a) heating, (b) holding 
at temperature, and (c) cooling. 

These words sound innocent enough, but be- 
fore tackling those causes, remember that new 
concepts in design, new materials, old materials 
heat treated to ultra high strength ranges, and 
the limited processing that can be permitted 
after heat treating will present additional prob- 
lems for the heat treater. Add these to our 
ever present difficulties with geometery, resid- 
ual stress, thermal shock, elevated-temperature 
properties, metallurgical changes and surface 
protection, and you can see that we have quite 
a serious problem. Remembering all this, we 
can now discuss these causes individually. 
~ *Senior Research Engineer, Material and Proc- 
essing Engineering, North American Aviation, Inc. 
This article is an exposition of opening remarks 
made at the November 12, 1959, round table meet- 


ing on Distortion in Heat Treatment, of the Los 
Angeles Chapter of A.S.M. 
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HT Distortion in Heat Treatment .. 


Distortion can occur in heating, holding at temperature, 
or cooling. The author also lists several measures 
which can reduce or prevent distortion. 


i Its Cause and Prevention 


By WILLIAM ANDERSON* 


(J-general, 9-74) 


Heating relieves residual stresses which have 
been set up by machining, forming, or welding 


operations. In heating, as a part attempts to 
reach thermal equilibrium, it also tries to estab- 
lish a state of equal, or free, stress. A part can 
distort during this operation. 

If a part is heated too rapidly, thermal shock 
can cause the material to expand unevenly. In 
this operation, differential geometry, location 
of part in furnace, and poor temperature uni- 
formity are important factors. Metallurgical 
changes may also occur in heating, and distor- 
tion can result from changes in density. 

Distortion can also occur while the part is 
being held at temperature. If the strength of 
the part at elevated temperatures is too low to 
support its own weight, the part can sag or 
creep unless properly supported. 

As for the potential detrimental effects of 
cooling, stresses are set up because of variations 
in the cooling rates during quenching. The 
more drastic the quench, the higher the stress 
until the ultimate in distortion is reached —a 
crack occurs. Variation in shape can cause the 
part to contract or shrink at varying rates. 
Finally, metallurgical changes may occur dur- 
ing cooling; they are as important then as they 
are during the heating operation. 

To say these are the only factors that con- 
tribute to distortion would be quite presump- 
tuous; there are others which can be just as 
important. However, now that we have some 
idea as to the causes of distortion, we can dis- 
cuss its prevention. 


Heating 


Many well-known thermal stress-relieving 
treatments (too diverse to discuss here) have 
been used successfully in past years. The usual 
practice is to select the one that is applicable or 
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fits into the processing method. I would like 
to add one more that is not quite so common 
but is very effective on either steel or aluminum. 
The part is fixtured, held for sufficient time at 
the highest stress-relieving temperature, and 
slow-cooled to room temperature in the fixture. 

Distortion caused by thermal shock can be 
guarded against by preheating, and using “heat 
sinks” to build up the thickness equally. This 
type of treatment is especially helpful when 
heat treating weldments. Properly used, “heat 
sinks” can cure many of the causes of distortion 
that were mentioned earlier. 


Holding at Temperature 


A part soaking at temperature must either be 
strong enough to support its own weight or 
must be supported externally. At this point, 
it is usually necessary to make a decision be- 
tween a vertical or a horizontal furnace. Let 
the geometry of the piece make this decision, 
because both types of furnaces have distinct 
advantages when used properly. After the 
furnace type has been selected, a method of 
fixturing or holding the part must be chosen. 
In most instances, this is left to the heat treater. 

Here, a warning is in order. Unless the heat 
treater has had a chance to see the design and 
suggest a method of adding a built-in fixture 
to the part, he must improvise a jig. Makeshifts 
of this sort can lead to difficulties. In short the 
added consulting time and additional materials 
that it takes to produce a built-in fixture will 
often improve the quality of the part. 

Personally, I do not like to build fixtures to 
hold the parts during the high heat operation, 
since they add to the problems. To be effective 
they have to be quite massive; this leads to 
further difficulties during the cooling cycle. 
We try to hold the mass down and develop 
the added strength by adding angles and 
flanges. The ideal fixture is one which heats 
up more slowly than the part it is holding (thus 
retaining more strength), does not itself distort, 
does not excessively retard the cooling rate of 
the part, and has more strength than the part 
during cooling. 


Cooling 


Many types of quenching have been used 
successfully to prevent or minimize distortion. 
The aim in each instance should be to cool as 
uniformly as possible. “Heat sink plates”, 
attached to thin sections to equalize the thick- 
ness, help in reducing distortion. A die quench, 
or some variation of it which controls move- 
ment during a metallurgical change, is probably 
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the most effective method of controlling dis- 
tortion, providing the movement is not trapped 
into a particular area. Precipitation hardening 
corrosion resistant steels respond very well to 
this type of treatment because the Ms is low. 


Tempering 


When the part is tempered (or aged), it is 
possible to fixture it so as to correct some, or 
maybe all, of the distortion that has occurred 
during the previous heating and cooling cycles. 
This is a form of creep, and is essentially a time, 
temperature and stress function. Sometimes 
the part can be formed to fit a fixture made to 
the blueprint. However, if time-at-tempera- 
ture must be reduced, the heat treater may 
over-form, and permit some spring back. In 
either instance, it is usually necessary to cool 
the part to room temperature before removing 
it from the fixture. 

When to place the part in the fixture can 
best be established by the results for each in- 
dividual part. Some of the methods which 
have been successful are: 

1. Preheat fixture to about the Ms, and place 
the warmed part (that is, the part which has 
been uniformly cooled to below Msg of the ma- 
terial) in the fixture. Then cool to below the 
Mr for the material. The advantage is that the 
part is directed to shape during the metallurgi- 
cal transformation. 

2. If the part has been quenched through 
the Mr, a low-temperature stress-relief will 
help relieve the quenching stresses. This will 
lower the level of the residual stress that must 
be overcome in the temper forming. If the 
tempering temperature is to be low and the 
part is vulnerable to cracking while waiting to 
be tempered, this technique will be especially 
helpful. 

3. In many instances, the tempering tempera- 
ture is high enough and the hardenability of 
material is low enough to permit fixturing 
without further processing after the quench. 
The rate of creep at tempering temperature is 
high enough to do the job in an economical 
manner. 

In conclusion, this short discussion of the 
causes and prevention of distortion in heat 
treating certainly cannot solve all of your diffi- 
culties. Nor is it intended to. Each problem 
is different, and usually requires an individual 
solution. However, this brief record of past 
experience and accumulated knowledge should 
help you to determine where your difficulties 
lie and may even indicate the path to follow 
in solving them. Let us hope so anyway. @ 
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Frederick C. 


A personal appreciation by Joseph Gurski 
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F IFTY YEARS of distinguished service with the 
Ford Motor Co., the company of his choice, was the 
record of Frederick C. Young at his retirement a 
few months ago. To many of us this seems an 
almost unbelievable length of time to be associated 
with one company, and yet Fred did exactly this, 
continually progressing and holding more impor- 
tant posts through the years. He got his start on 
March 16, 1909, in the timekeeper’s office at the 
old Piquette Plant. In 1910 Ford Motor moved 
to Highland Park and in 1911, at the ripe age of 
18, the late John F. Wandersee moved him over 
to the chemical laboratory as an analyst. He took 
numerous night school and correspondence courses 
to acquire his education. Fred became Mr. 
Wandersee’s assistant, in 1915, and then as the 
laboratory assumed greater importance in the Ford 
Motor Co.’s scheme of things, he progressed with 
it serving successively as assistant to Hud McCarroll 
in 1930 and Lans McCloud in 1948, and finally 
achieving the position of manager, chemical and 
metallurgical department, quality control staff. 

Fred and many other metallurgists in those 
early days worked under pioneering conditions. 
Metallurgists in after-hours get-togethers taught 
each other the fundamentals of metallography as 
they were understood at that time. The Cafeteria 
Institute of Technology was an important place 
to exchange information. It was the days when 
the bouncing scleroscope was used for hardness 
testing — in fact, I believe that the Ford Motor Co. 
brought the first Brinell machine in this country. 

Ford’s Model T was designed around chromium- 
vanadium alloy steel for many functional parts; 
however, there was a continuous effort to develop 
less costly alloys or to use heat treated carbon steels 
wherever possible. All the parts in various assem- 
blies were tested under load and it was found that 
many were considerably stronger than necessary; 
consequently, alloy content and section size could 
be reduced. 

It was also found that alloy steel crankshafts 
weren't giving the anticipated service, so carbon 
steel containing about 0.80% manganese was tried, 
surface hardened to Brinell 400. A simulated roll- 
ing fatigue test indicated that this was at least 
three times as good as the old through-hardened 
alloy crankshaft. By means of analyses such as 
these, vanadium was taken out of all Model T parts 
except the pinion gears. 

In those days the laboratory had direct responsi- 
bility for controlling processes throughout the Com- 
pany. In this connection, Young developed or 
greatly helped in many new heat treating practices. 
The whole plant was his laboratory, where literally 
millions of parts were made and treated annually. 
The integrated layout of the new Rouge Plant was 
a beehive of activity and the chemical and metal- 
lurgical processes being carried on were fabulously 
diversified. 

Much of the pioneering work for which the Ford 
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Motor Co. was noted was in the field of castings. 
Iron and steel were cast not only into conventional 
parts such as cylinder blocks, heads and transmis- 
sion cases but into such critical parts as crankshafts, 
camshafts and valves. In these developments, Fred 
Young was in the forefront. 

During this period, his value to the Company 
was illustrated by the fact that on three occasions 
he was sent to Europe to the English, French and 
German plants of Ford Motor to help solve their 
manufacturing problems and to establish process- 
ing and laboratory procedures. 

Fred Young was also extremely active in S.A.E. 
and A.S.M. circles. During World War II he 
served as a member of the S.A.E. War Engineering 
Board’s ten-man Iron and Steel Committee, selected 
to devise means for reducing the amount of nickel, 
chromium and molybdenum used in tanks and other 
military vehicles —a tremendously important job, 
since production was being threatened by the short- 
age of alloying elements. He served for many years 
on the S.A.E. Iron and Steel Technical Committee; 
in 1948 he was chosen its chairman. This commit- 
tee has grown in stature until today it is recognized 
internationally for its substantial contributions to 
metallurgy. 

Personally, Fred is somewhat of a phenomenon 
and, therefore, a little difficult to describe. It has 
been said that he “knows steel”. Now, this is 
a somewhat remarkable statement. Many of us 
have studied and read about and talked and 
worked with steel, but we cannot say that we 
“know” steel. In his day-by-day work, Fred 
seemed to. He had an intuitive knowledge of what 
to look for when something had gone wrong. 

Fred is a very aggressive personality with plenty 
of will power and unrelenting convictions. In 
fact, many of us who worked for him have con- 
sidered him something of a tyrant, but later we 
realized that it was only his way of getting things 
done! Many times decisions had to be made and 
they would not wait; there was no time for niceties. 
Beyond a sometimes rough exterior, however, he 
was certainly as human and kind as one could 
imagine, considerate of those in trouble and willing 
to help in any way. 

He enjoys bowling and an occasional round of 
golf. He is a rose grower of no mean ability. He 
is active in his church, having served in the various 
layman’s assignments of trustee, deacon and on 
numerous committees. 

He was married in 1921. His wife’s name is 
Alma and his family consists of a son, Frederick, 
]r., and a daughter, Doris. Both are married and 
each has two children. His retirement plans in- 
clude rather extensive travel, to visit new and 
revisit old scenes. 

In the circles in which he moved, Fred Young 
was synonymous with the Ford Motor Co. His 
leaving seems to close a chapter on an era. It 
seems strange at Ford without him! 
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Manned Aircraft — Work was continued on 
two approaches — the direct cycle and the in- 
direct cycle. In July 1959 both were oriented 
toward a common objective based on guidance 
from the Department of Defense. Increased 
emphasis was placed on the development of 
materials and reactor systems compatible with 
militarily useful nuclear propulsion systems of 
high performance and long life. 

The direct cycle is being studied by the 
General Electric Co. at Evendale, Ohio, and 
the National Reactor Testing Station in Idaho. 

The first aircraft reactors experiment (HTRE- 
1) was modified to investigate high-temperature 
fuel elements and moderators. The HTRE-3, 
which is the first aircraft-type reactor of hori- 
zontal configuration, entered a series of power 
tests in late 1959. Increased promise of ad- 
vanced fuel elements makes it possible to set, 
as a goal of the re-oriented program, a power 
plant with higher performance than previously 
planned. 

Development of the indirect cycle for high- 
performance systems is being carried out by 
Pratt & Whitney Aircraft at the Connecticut 
Aircraft Nuclear Engine Laboratory (CANEL), 
Middletown, Conn. Encouraging progress is 
being made in high-temperature fuel elements, 
liquid metal components, and compatibility of 
liquid metals with their containers. 

Unmanned Vehicles — Work is being carried 
on in three programs: nuclear rocket propulsion 
(Project ROVER); nuclear ramjet propulsion 
(Project PLUTO); and systems for nuclear 
auxiliary power (SNAP). 

Technical work on ROVER is centered at 
Los Alamos Scientific Laboratory. The first ob- 
jectives are test reactors to achieve high power 
density, to develop materials capable of with- 
standing high temperatures, and to investigate 
new concepts for converting nuclear energy 
into propulsion. The first test reactor, KIWI- 
A, was successfully tested at full power on 
July 1. It is a heat exchanger in which the 
propellant, heated in the reactor core, is ex- 
pended to the atmosphere through a nozzle. 

Project PLUTO, using a nuclear reactor as 
the heat source in a ramjet engine, is under the 
direction of the Commission's Lawrence Radia- 
tion Laboratory at Livermore, Calif., with sup- 
port on materials research by North American 


*Verbatim extracts from the Annual Report to 
Congress of the U.S. Atomic Energy Commission 
for 1959. 
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Aviation. The Marquardt Co. is developing 
certain non-nuclear components. Testing of 
the first reactor, Tory II, is expected to begin 
in 1960. 

SNAP (Systems for Nuclear Auxiliary Power) 
is studying light-weight auxiliaries for space 
vehicles. In one approach, SNAP-1 and SNAP- 
3 are heated by energy given off by radio- 
isotopes. 

SNAP-3, the first complete unit delivered by 
the Martin Co., was publicly demonstrated by 
President Eisenhower on Jan. 16, 1959. It is 
fueled with polonium-210 and is a thermo- 
electric generator weighing 5 lb., has no mov- 
ing parts, and produces 2.5 watts. Other 
radio-isotope fueled units will suit remotely 
located devices such as radiobeacons, fallout 
and fire warning alarms, and meteorological 
stations. 

SNAP-2, the prototype of small reactor- 
heated units, was test-operated at designed 
power and temperature. It is comparable in 
size to a 5-gal. can and weighs approximately 
220 Ib. without shielding. In an operational 
device, heat from the reactor would be trans- 
ferred by a liquid sodium coolant to a boiler 
containing mercury. Mercury vapor would be 
directed into a miniature turbine so the system 
would operate on the same principle as ordi- 
nary closed-circuit steam-electric generators, 
except mercury vapor will drive the turbine. 
The SNAP-2 space power system, weighing 
about 600 lb., will provide 3 kw. of electricity 
for at least one year while operating unattended 
in the weightless vacuum of outer space. 

Heat Directly Into Electricity — Several 
firms are studying this possibility, long utilized 
by the thermocouples of pyrometry. An ad- 
vanced experimental device called the “plasma 
thermocouple” was demonstrated in April at 
Los Alamos which consists of a “pin” made of 
uranium and zirconium carbides in mutual 
solid solution, surrounded by a collector of 
stainless steel. Separate electrical connections 
are to the emitter and collector. The space 
between these electrodes is filled with partially 
ionized cesium vapor. When placed in a reac- 
tor, the neutron flux caused fissioning of the 
uranium in the pin and raised its temperature 
to about 1900°C. The ionized cesium vapor 
neutralized the space charge between the elec- 
trodes with a resulting short-circuit current of 
about 30 amp. The open-circuit voltage was 
about 3.8 volts. Se 
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graphic Exhibit, Chicago, November 1959 


Cast Nickel-Iron-Aluminum Alloy 


By P. P. TURILLON and G, J. DEVITO* 


Tus attoy was MADE as part of a study 
of the hardening mechanism of nickel-base 
alloys. The heat was melted in a 13-Ib. vac- 
uum induction furnace, and cast under vacuum 
in a copper mold. Next, two sections of the 
ingot were cut, one for metallographic examina- 
tion, the other, for identifying components by 
X-ray diffraction. This showed the material to 
consist of a nickel matrix with Ni;Al as a 
secondary phase. 

All of the specimens to be examined were 
mounted in bakelite. Specimens were ground 
through 120, 240, 400 and 600-grit silicon car- 
bide paper, using water as the lubricant. Each 
of the specimens was rotated 90° between all 


*Research Metallurgist and Assistant, respec- 
tively, Metals Div., Kelsey-Hayes Co., New Hart- 
ford, N.Y. 
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grinding operations. The samples were then 
polished as follows (using conventional hand- 
polishing techniques in all instances): 

1. Cloth of cotton “Flightex” with Al,O, 
type A abrasive. 

2. Billiard cloth of 100% virgin wool, again 
using the Al.O; type A abrasive. 

3. Microclotht with Gamal (gamma _ alu- 
mina) abrasive. 

After the final polishing, the samples were 
electro-etched using the following setup on a 
Disa-Electropol unit Model 53 B: electrolyte, 
10% oxalic acid; flow rate, 2; current, 2 amp.; 
time, 120 sec. Photography at 400 x with a 
Bausch & Lomb research metallograph com- 
pleted the job. 


tA synthetic rayon cloth in which the fibers are 
bonded to a cotton twill backing. 
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Bronze Plating 


Solves Finishing Problems 


By F. A. LOWENHEIM* 


Bronze, one of the oldest alloys known to man, is finding new 


and expanding applications in metal finishing. A process for plating 
copper-tin alloys has been made commercially available. It has proved 
economical; it plates rapidly, is easily controlled and has excellent 


throwing power. (L17; Cu-s) 


Bronze HAs BEEN KNOWN and used for as 
long as recorded history, and it is still most 
useful to the modern metallurgist. It may. 
therefore, seem strange that bronze plating 
should be numbered among the more recent 
developments in the electroplating field, and in 
fact it is such only in a limited sense. 

The plating of copper-tin alloys was reported 
as long ago as 1862, and there have been many 
publications since. Several patented, proprie- 
tary, or secret processes for plating ternary Cu- 
Zn-Sn alloys have been in limited but steady use 
for many years. Electrodeposits of bronze have 
for some time been the preferred stop-off in the 
selective nitriding of steel. A flurry of interest 
in copper-tin alloy plating was aroused by the 
work of the Tin Research Institute on speculum 
plating (a copper-tin alloy containing about 
45% tin), but the process found little or no use 
in America, and only minor acceptance in Great 
Britain. Such was the situation, then, in the 
early 1950's. Bronze plating was known, but 
except for a few specialized and essentially 
minor applications there was no particular use 
for it. 
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Nickel Shortage Spurred Development 


It was the stringent shortage of nickel en- 
gendered by the needs of defense which gave 
bronze plating its opportunity. With little 
nickel available for nommilitary uses, the quality 
of decorative-protective coatings, long based on 
copper-nickel-chromium nickel-chromium 
systems, deteriorated swiftly. Clearly, a more 
corrosion resistant undercoating than copper 
was desirable. Bronze was prominent among 
the substitutes tried. Earliest published reports 
on the superiority of bronze-chromium (with or 
without a flash of nickel) over copper-chromium 
emanated from England where disinterested 
groups made up of representatives of suppliers 
and users of plated finishes concluded that 
bronze was the best substitute yet found for the 
unobtainable nickel. Spurred on by these re- 
ports, a bronze plating process was promoted in 
this country on the basis of the superior corro- 
sion resistance of the deposit. 

The bronze plating solution and process 


*Laboratory Manager, Metal & Thermit Corp.. 
Rahway, N.]. 
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brought forward were not basically different 
from those long used for the specialty applica- 
tions already referred to. But the requirements 
of a process that would be suitable for large- 
scale day-to-day production, in all types of 
equipment — still tanks, barrels, and automatics 
—are more exacting than those for the small 
occasional use. The principal drawback, from 
the process standpoint, to the general accept- 
ance of bronze plating, was the lack of a satis- 
factory anode system. 


Anode Control Was Difficult 


Bronze plating processes differed in detail. 
but most were based on solutions of copper 
cyanide and sodium stannate, with additions of 
sodium cyanide and sodium hydroxide to con- 
trol the activities of the copper and tin in solu- 
tion. They could be regarded as mixtures of 
the conventional cyanide copper and stannate 
tin baths. Such a solution, properly operated, 
gave satisfactory deposits, but anodic replenish- 
ment presented a difficulty. Alloy anodes of the 
same composition as the deposit (88% copper, 
12% tin) did not dissolve well except at very 
low current densities. If separate anodes of tin 
and copper are hung on the same anode busbar. 


the tin dissolves in the bivalent (stannite ) con- + 


dition, rather than as stannate (quadrivalent ) 
which is the desirable form. If the voltage is 
raised to the point where tin does dissolve as 
stannate, the copper anodes become passive and 
don’t dissolve at all. The dilemma had been 
circumvented by various expedients, typical of 
which was the provision of two separate anode 
circuits, one for the copper and one for the tin. 
with independent regulation. Such methods of 
operation introduced complications which made 
the process unattractive for general adoption. 

To render the older and essentially special- 
purpose bronze-plating process suitable for gen- 
eral large-scale application, several improve- 
ments were required. A system of anodic or 
chemical replenishment of the bath which did 
not suffer from the drawbacks already men- 
tioned was an essential. Greater permissible 
speeds of plating would be most desirable. 
Ability to plate bright when desired, by means 
of a simple addition agent, would render the 
process much more attractive. Control must 
be simplified so that uniform results could be 
reliably obtained. While bronze will be more 
expensive than copper, costs must be studied 
and kept as low as possible. 
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That these requirements are met by the 
bronze plating process described here will be 
evident from the following considerations: 

Copper anodes dissolve well in the bath. 
Thus the copper content is easily maintained 
and tin is the only problem. The logical answer 
is to rely on chemical replenishment of tin in 
the form of additions of potassium stannate on 
a scheduled basis to maintain the tin content 
at proper levels. Since tin forms only 10 to 15% 
of the deposit, the usual argument that exces- 
sive costs result from use of stannate tin rather 
than metallic tin does not apply in this case. 
The ease of operation and control more than 
makes up for the additional cost. The other 
alternative — use of bronze anodes (if rendered 
practicable ) — would entail a premium price 
for both the copper and the tin. 

Greater speeds of plating, as well as less 
critical control and better operating character- 
istics, are gained by adoption of the potassium 
system in place of the older sodium stannate- 
cyanide formulations. The advantages of potas- 
sium salts over sodium salts in both stannate 
tin and cyanide copper plating are by now well 
recognized. It is not too surprising that they 
are evident in the mixed cyanide-stannate bath. 

Speed of plating also depends to a great 
extent on the maximum permissible anode cur- 
rent density. This was raised by the incorpo- 
ration of Rochelle salts in the bath formulation. 
\ decided improvement which results in a 
higher anode and cathode efficiency, smoother 
deposits, lower consumption of chemicals and 
less trouble from chromium contamination may 
be obtained by the substitution of a proprietary 
addition for Rochelle salt. 

An easily controlled proprietary brightener 
has been developed which permits fully bright 
deposits. When present in lesser amounts, it 
will produce semibright smooth plate. Fully 
bright deposits are not so ductile as semibright 
or matte deposits. The choice between matte, 
semibright or full-bright deposits will depend 
on the use of the finished part. 

Control of the solution is relatively simple. 
Free alkali, cyanide, and temperature are the 
most critical factors, but all three lend them- 
selves to easy control. Composition of the 
deposit, within the range of particular interest, 
determines the color, so that appearance of the 
work is a ready indication of proper operating 
conditions. If accurate color matching is 
required, the adjustments necessary to make the 
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deposits redder (higher copper) or whiter 
(higher tin) are well known and easily applied. 

Because of its tin content, bronze is intrin- 
sically more expensive than copper. The differ- 
ence is not great, however, and several factors 
may make the cost of the total process even 
lower than copper plating. These include the 
greater plating speeds obtainable and the supe- 
rior throwing power. Because bronze is harder 
than copper, it is not as easily cut through dur- 
ing buffing. In some applications this has 
meant fewer rejects. 


Operating Conditions 


A typical solution composition for bronze 
plating is given below. Depending on the 
color desired and other factors, minor changes 
can be made. 


Potassium cyanide 


11.5 oz. per gal. 
Copper cyanide 5.7 


Potassium hydroxide 1.5 
Potassium stannate 8.0 
Wetting agent* 10 ce. per gal. 
Neochel* 5% by volume 


Brightener* (if required ) 5 ce. per gal. 


The recommended composition gives a solu- 
tion containing about 4 oz. per gal. copper, 3 oz 
per gal. tin and 3 oz per gal. free potassium 
cyanide. The remainder of the potassium cyan- 
ide is required to complex the copper cyanide. 
On the average the solution is operated at 
140 to 160° F.; cathode current densities up 
to 100 amp. per sq.ft. and an anode current 
density of 20 amp. per sq.ft., or higher with 
solution agitation, are used. Tin content is 
maintained by additions of potassium stannate 


*Proprietary materials, Metal & Thermit Corp., 
Rahway, N.]. 
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on a regular schedule (preferably by use of 
an ampere-hour meter). 

As so often happens when new or improved 
processes are introduced to industry, the bronze 
plating process which has been described 
turned out to have many applications not 
directly connected with the original purpose for 
working on it. The original stimulus for de- 
velopment and promotion of bronze plating 
arose from the need for a satisfactory under- 
coat for the substandard thicknesses of nickel, 
or no nickel at all, which were forced upon the 
plating industry by the nickel shortage. Ex- 
posure and accelerated corrosion tests con- 
ducted in America amply confirmed the British 
claims already mentioned. Good corrosion 
resistance alone would not account for its 
acceptance by the plating trade. Nickel is 
available, and equally good or better corrosion 
protection can be obtained by other plating 
techniques. Thus the emergency which stimu- 
lated the interest in bronze has largely abated. 


Fig. 1 — Lock Parts Plated With Semibright Bronze. 
Note deep throw required on part at right 


Corrosion resistance remains an important 
reason for the use of bronze, but other proper- 
ties have proven equally attractive. As a final 
finish (protected from tarnishing by a clear 
lacquer ), bronze can simulate gold and is used 
on trophies, interior hardware and similar deco- 
rative objects. As an undercoat for flash coat- 
ings of brass, it more nearly matches the final 
color and is not so noticeable as nickel when 
the outer deposit wears through. Its speed of 
plating, ease of control and excellent throwing 
power make it preferable to brass plating in 
many applications. 
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Fig. 2—Typical Decorative 


Application of Bronze Plating 


Proved in Production 


The experience of American Hardware Corp., 
New Britain, Conn., is an excellent example of 
how the desirable properties of bronze plating 
can be applied successfully to large-scale indus- 
trial use. This company manufactures all types 
of locks and builder’s hardware. One internal 
part of a cylindrical lock in particular presented 
a problem. This part (Fig. 1) is of rather 
intricate shape, so that good throwing power 
is required of the plating bath. It is made of 
steel and thus requires protection from cor- 
rosion. The part is subject to moderate wear 
when the lock is turned, so that the deposit 
selected should possess the requisite hardness 
and wear resistance. The outside of the lock 
is finished with an epoxy lacquer which is 
subject to staining by contact with some metals 
or metal salts. 

Zine plating, which had been used to finish 
this part, was only moderately satisfactory. 
Though zine protects steel from rusting quite 
satisfactorily, it forms bulky corrosion products 
of its own which interferes with smooth opera- 
tion of the lock. It is relatively soft and has little 
wear resistance, the throwing power of the 
zinc plating bath is barely adequate, and it 
stains the lacquer used for finishing. 

After thorough testing, American Hardware 
switched to the 10 to 12% tin bronze process 
for plating this part and many other components 
of their line of locks and hardware. Results 
have been gratifying. Bronze forms no bulky 
corrosion products and, in thicknesses of 0.4 to 
0.6 mil (deposited in 20 min.), has protected 
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the steel from rust. Corrosion resistance and 
superior hardness of the bronze has resulted in 
a threefold increase in the useful life of the 
lock. Bronze does not stain the lacquers used 
for finishing. The throwing power of the bath 
makes it easy to plate adequate thicknesses on 
the internal surfaces of the piece. 

Although the firm operates some still-tank 
bronze plating for special work, most of their 
bronze is applied in a fully automatic F. B. 
Stevens barrel plating machine of 4000 gal. 
capacity. The part described is only one of 
many which receive the bronze finish. 

T. P. McFarlane has published details of the 
conditions for bronze plating. (Products Finish- 
ing, January 1959, p. 56). Stressed particularly 
are constant circulation of the solution and the 
use of a chromate dip before final rinsing to 
passivate the deposit and inhibit tarnishing. 
This dip is not used if subsequent deposits such 
as nickel-chromium are to be applied. The 
bath contains an amount of brightener sufficient 
to smooth the deposit and give it a fairly bright 
appearance. Full mirror brightness is not 
required. Cyanide and caustic determinations 
are run every other day and a complete solu- 
tion analysis is performed once a week. Addi- 
tions of potassium stannate tend to be quite 
uniform and are made on a routine schedule 
depending on the volume of work put through. 
Brightener additions also have been reduced 
to a regular schedule. Color and brightness of 
the deposit aid in judging the need for adjust- 
ments. Copper ball anodes are suspended in 
steel carriers. Troubles in operation have been 
very few. S 
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While thinner tin plate is adequate for most uses 


How to Roll Thinner Tin Plate 


By N. H. POLAKOWSKI* 


and is necessary to meet competition from substitutes, it cannot 
be rolled on standard mills. Fast new mills with smaller 


Tis priate is the thinnest form of flat 
rolled steel available in bulk. The United 
States alone uses annually about 6,000,000 tons 
of it and production is expanding all over the 
world, principally on account of the growing 
canning industries. 

Tin plate is sold by the surface unit, a “box” 
representing an equivalent of 112 sheets, 14 by 
20 in. each — close to 218 sq.ft. (This peculiar 
measure is a relic of bygone years; can-makers 
now use the metal as coiled strip and it is fed 
directly into high-speed, automatic can-making 
machinery.) The weight of a single box as 
well as its price varies with thickness, a 65-lb. 
box referring to sheet 0.0071 in. thick, an 85- 
Ib. box to 0.0094 in. thickness, and so on. Exist- 
ing standards list box weights from 55 Ib. 
(0.0061 in. thick) upwards to 275 Ib.; the range 
between 75 and 100 Ib. is the most popular. 

Improvements in production within the last 
20 years have given the industry a base steel 
strip (or “biackplate”) much more uniform in 
thickness, an improved and accelerated strand 
annealing, and a less wasteful and exactly con- 
trollable tin coating. Nevertheless, tin plate 
is still expensive; few people realize that the 
throwaway can may sometimes represent as 
much as one quarter of the retail price of a 
cheap canned item. 

Competition, both existing and anticipated, 


from other packaging materials like paper, glass, 


*Professor of Metallurgical Engineering, Illinois 
Institute of Technology, Chicago. 


work rolls will be necessary. (F23, W23c; ST, Sn, 4-53) 


plastics and aluminum, has directed much 
attention toward the possibility of reducing the 
cost of tin plate. Since the production methods 
are highly efficient already, the only obvious 
way of making any significant saving is simply 
to roll the steel thinner, perhaps much thinner 
— down to 0.0035 to 0.004 in., or less than one 
half of the present normal range. 

The Interested Parties — The can-maker who 
will bring out a lighter and cheaper can to 
market will undoubtedly gain an edge over the 
competition. Hence every major can company 
is forced to watch the situation closely so that 
it will not be left behind. The tin plate manu- 
facturers (usually important producers of other 
steel shapes) have no desire to see one of their 
major products squeezed out of the market by 
competitors in their own industry or, even 
worse, by substitutes. Rolling mill ‘and electri- 
cal machinery builders are obviously hopeful 
they can sell new equipment to make the thin- 
ner material. Canners will be happy to save a 
penny per can even if they have to split the 
difference with the buying public. 

Thus the stage is set for what may become 
a minor revolution in an important branch of 
the steel industry. 

The Economic Dilemma — Within a span of 
25 years the tandem mill has virtually elimi- 
nated all previous and competitive equipment, 
proving itself to be the most efficient tool for 
cold rolling tin plate. In its present form, 
sketched in Fig. 1, such a mill contains five iden- 

tical stands through which the hot 
rolled and pickled band is passed under 


tension. The work rolls are usually 


OOO 


Rolling 
Direction 


Fig. 1 — Five-Stand Cold 
Tandem Mill for Roll- 
ing Tin Plate (Schematic) 
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p=m(Y ) 

Fig. 2 — Roll Pressure (p) and Tensions Acting on 
Strip Between Rolls. In the formula m is a co- 
efficient greater than 1 and Y is the yield strength 


21 to 23 in. diameter and the support rolls 50 
to 54 in. The distance between housings and 
the length of the rolls determine the width of 
the strip being rolled; it is about 32 in. to 
produce a minimum of around 28% in., which 
is widely used. 

The dozens of such mills in existence, al- 
though built by several manufacturers, are very 
much alike in principal features. The differ- 
ences are confined to such things as speed, 
power ratings, refinement in electrical power 
plants, controls, and to secondary design details. 

Their designed speed rating at the delivery 
end reached 7000 ft. per min. around 1955 and 
has not been increased in later mills. However, 
in the light of actual experience it appears that 
the 7000 figure is as meaningful as the 120-mile- 
per-hr. mark on a family automobile’s speed- 
ometer. For various reasons 6000 ft. per min. 
is about the top practical operating speed. 

With this limit on operating speed it is obvi- 
ous that the output in tons per hour is inversely 
proportional to the thickness of the cold reduced 
strip after the last pass. The theoretical hourly 
production rate in tons per hour based on 100% 
rolling time is 
b-h-12v-d-60 

2000 
where b is strip width, h is delivery thickness, 
v is delivery speed in ft. per min., d is density 
(= 0.28 Ib. per cu.in. for low-carbon steel). 

Thus, while the nominal production rate at 
6000 ft. per min. is about 160 tons per hr. for, 
say, 30-in. wide and 0.009-in. thick strip, this 
figure will drop to only 90 tons per hr. if thick- 
ness is reduced to 0.005 in. 

It is evident that capital, equipment mainte- 
nance, and various other overhead costs 
must be charged to the product on a per ton 
basis and the charge will increase as the pro- 
duction rate falls. With the greater risk of 
breakage and its associated down-time losses, 
one may wind up in a situation where a square 
foot of the thinner tin plate will actually cost 
more to make than the conventional, thicker 
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material! 
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There is no obvious solution to this dilemma 
unless the tandem mill and the processing lines 
that follow it are speeded up by 50% or more, 
but this seems to be a colossal undertaking, 
perhaps impractical for some time to come. 

The Technical Limitations—A_ really fast 
tandem mill — operating at, say, 10,000 ft. per 
min. — might pay its way, provided it can make 
the product in the first place. This is also a 
debatable question. 

The thickness of the strip in a cold mill is 
reduced by the combined action of roll pressure 
and front and back tension. This is shown in 
Fig. 2. The higher the tensions, front and back, 
the less roll pressure, p, is needed, and vice 
versa. Once the combination of tensions is 
established for a given operation, however, a 
gradual increase of roll pressure will increase 
the actual reduction of thickness (draft) up to 
a certain limit but not beyond it. This phe- 
nomenon is illustrated in Fig. 3, which does not 
claim pinpoint accuracy but shows data of 
roughly the right magnitude. 

When a strip 0.012 in. thick is fed into the 
last four-high stand with 22-in. work rolls of a 
standard tandem mill, a gradual tightening of 
the screw-downs will cause the finished strip 
to become thinner along curve a in Fig. 3. But 
as the pressure goes up the rate of decrease in 
thickness diminishes. When about 0.0085 in. 
is reached, a stalemate develops; no matter how 
much more pressure, the strip gets no thinner. 

However, if rolling were carried through to 
the position indicated by the lower black dot 
on the top curve and the 0.0085-in. strip thus 
obtained were passed again through the same 
stand following curve b, it could be reduced 
down to 0.007 in., as shown by the lower black 
dot on curve b. This procedure can be repeated 
again and again along curves c, d, and so on, 
but the gain in each consecutive pass tapers 
off; the curves become increasingly flatter until 
an absolute rollability limit is reached for this 
combination of tensions and 22-in. work rolls. 

At this stage, further reduction can be ob- 
tained only by increasing the tension in the 
strip. This remedy, akhough universally known, 
is not a safe one. Strip so rolled frequently 
has cracked edges. Excessive tensions mean a 
greater risk of the strip breaking and causing 
property damage as well as a loss of time. 

The physical cause for the above limitation 
was explained by the writer in an article in 
Metal Progress for February 1952, p. 67, and 
will not be repeated here. It was then pointed 
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Strip Thickness, Units of 0.001 In. 


~ 22 


Rollability Limit 


22-In. Work Rolls 


a 


“Rollability Limit 
Screwdown Pressure 


Fig. 3 — Maximum Reductions and Roll- 
ability Limits on Thin Low-Carbon Strip 
When Tensions Are Held Constant 


out that the difficulty can be surmounted by 
using work rolls of smaller diameter. Since 
these will depress the rollability limit to thinner 
gages, as shown at lower left of Fig. 3, one 
might consider small work rolls as a ready cure 
for the tandem mill’s aches. In reality, 5-in. rolls 
—or even 10-in. rolls — may not prove too suc- 
cessful as a direct substitute for their larger 
sisters because their much thinner necks may 
be too weak to transmit the torque from the 
drive to the roll body. They may also deflect 
too much in the horizontal plane because of 
the usually significant differences between front 
tension and back tension. There is also the 
possibility of excessive bearing loads, an in- 
creased tendency to skid, and faster wear. 
Possible Solutions — The dilemma can be 
met head on by six or seven-stand tandem mills 
which will be not only “bigger and better” but 
also more expensive, longer, and more com- 
plex. Nevertheless, if 0.0075-in. strip can be 


Fig. 4 — Sendzimir (Left), Four-High (Center) 
and Three-High (Right) Cold Mills Suitable 
for Rolling Very Thin Strip. D are driven 
rolls, S are support bearings in the Sendzimir 


comfortably obtained from stand No. 5, it 
should be possible, with some extra tension, to 
get another 25 to 30% reduction in stand No. 6 
and bring the product down to about 0.0055 in. 
The drawback of lower tonnage from a costlier 
machine still remains, and a seven-stand tandem 
mill does not seem to make much sense on these 
grounds alone. 

An attractive idea is to roll strip to the final 
gage in two layers, as is done with aluminum 
foil. This may give a satisfactory production 
rate from a relatively modest capital investment 
— probably a single-stand finishing mill. Dou- 
bling the thickness being rolled is equivalent 
to using a thinner work roll, and the difference 
in appearance between the “inside” and “out- 
side” strip surfaces need not create sizable 
problems in a tin can. 

Thin work rolls can be advantageously uti- 
lized on special mills like the Sendzimir mill, 
or back-up driven, four-high and _ three-high 
mills as in Fig. 4. The torsional strength of the 
work rolls or their necks is not a limiting factor 
here because the much thicker back-up rolls are 
driven directly and the work rolls are propelled 
by frictional contact with these backing rolls. 
Of the schemes shown in Fig. 4, the second and 
third appear to be more suitable for high-speed 
operation because of simpler construction and 
easier maintenance. On the other hand, the 
slender rolls are unsupported in the rolling 
plane and breakage might be high. The work 
rolls of the Sendzimir are nested between the 
support rollers and are in a much safer position 
should the strip break. Their rate of wear can 
be drastically reduced by making them out of 
tungsten carbide, as already done by those who 
roll stainless steel. At least one steel company 
has recently ordered a Sendzimir mill for “after- 
rolling” tin plate strip at 3500 ft. per min., but 
the degree of success of this rather bold under- 
taking will be known only when operation starts 
and the word goes around.* 

In all these constructions, the control of work 
roll temperature and associated “heat camber” 
may prove a major problem to cope with. 

In conclusion, this writer believes that some 
form of a back-up driven, four-high or even 
three-high mill has the best chances to produce 
commercially thin tin plate. Such mills must 
contain means to prevent the work roll from 
bending horizontally and some kind of guards 
or guides to protect them from breaking. © 


*U.S. Steel board chairman Blough recently said 
his firm now has facilities for experimental produc- 
tion of 40 to 60-Ib. tin plate. 
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Short Runs 


Multi-Station Jig Shortens 


A UNIQUE TESTING AID IS HELPING the 
research and development laboratory at Uni- 
versal-Cyclops Steel Corp. complete hot ten- 
sile tests in much less time. Called the Arc- 
weld multi-station rotary jig, this device is 
designed to be used with any universal tensile 
testing machine. It is available with two, four, 
six or eight stations, each station consisting of 
a furnace, temperature control system and 
quick-connecting pull rods to engage the hot 
gripping assembly to the tensile machine. 

At the laboratory, an eight-station rotary jig 
is teamed with a 50,000-Ib. capacity tensile 
testing machine; together, they are used in 
testing heat resistant alloys earmarked for use 


Technician at Left Pre- 
pares Furnace on Rotary 
Jig as Other Technician 
Removes Specimen Already 
Tested. Seven specimens 
can be heated (each to 
a separate temperature, 
if desired) while the 
eighth is being tested 
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Testing Time 


in jet engines, missile nose cones, wings of high- 
speed aircraft and other rugged applications. 

Until the jig was developed, test specimens 
were heated in a single furnace which was part 
of the tensile testing machine itself. Thus test- 
ing machines were being needlessly occupied 
during the long heating period, while the actual 
pulling of the hot tensile test itself required 
only a few minutes. When many high-temper- 
ature tension tests were required, laboratories 
had to buy additional tensile testing machines 
because the existing ones were tied up during 
heating and holding at test temperature. On 
top of that, if a higher-temperature tensile test 
was scheduled to follow a lower-temperature 
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test (or the reverse), much time was spent 
heating or cooling the furnace to the new tem- 
perature and equalizing at this temperature. 

However, personnel at Universal-Cyclops 
have never had to wrestle with these problems. 
According to C. H. Brown, manager of labora- 
tory services, “If we didn’t have this eight- 
station jig to use in pulling our tensile tests, 
each test would last about an hour and a 
quarter. With this jig, we can complete three 
tests in the same amount of time it would take 
to conduct two tests without the jig.” 

Stations on the rotary jig will heat up to 
seven specimens while the eighth is being 
tested. After a test, the unit (see photo, p. 133) 
is rotated to bring the next station in position 
for the following test. The station used in the 
last test is then reloaded. This brings about 
continuous hot tensile testing, and eliminates 
the long, wasteful period required to heat 
individual specimens. 

Each station in the jig uses an F-6 power- 
positioning furnace built by Areweld Mfg. Co. 
This furnace is 16 in. long, has a 10-in. O.D., and 
a 2%-in. I.D. Kanthal windings are used when 
a 2200° F. maximum is needed. Chromel wind- 
ings are also available for temperatures up to 
1800° F. This jig has served continuously with- 
out breakdown since 1954, the year it was 
installed at the laboratory. ) 


Flow Coating 
of Auto Body Parts 


A new FLow coatinc setup has been in- 
stalled at the St. Louis plant of General Motor’s 
Chevrolet division. Built by the Despatch Oven 
Co., the line provides better rustproofing with 
a more economical use of paint primer. With 
flow coating there is a reduced tendency toward 
streaking, and the coating no longer collects 
unevenly on the lower portion of the part. Con- 
trolled by one operator, it consists of two flow 
coat machines (with individual air supply sys- 
tems) for the parallel truck and passenger car 
parts lines. Passenger car parts include hoods, 
fenders and all other small sheet metal parts, 
while hoods, fenders and small parts for trucks 
are primed. 

Body parts arrive as raw sheet steel, are hung 
on overhead monorail conveyers and travel 
through a seven-stage washer about 250 ft. long. 
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Because the conveyer for truck parts travels 
about half as fast as the passenger car line, 
the truck parts washer is only 140 ft. in length. 
First, the protective coating (previously ap- 
plied to all freshly stamped parts) is removed. 
Then, parts are showered in alkaline cleaner, 
rinsed twice, and bonderized. Zinc phosphate 
is the spray here; this is followed by two more 
rinses, one in clear water, the other in dilute 
chromic acid. Separate truck and passenger 
ovens dry the parts. Although the passenger 
car oven is longer, the ovens operate at the same 
heat because of the difference in conveyer 
speed. 

Paint primer discharges from a 500-gal. tank. 
After flow coating, excess primer is collected in 
the drip area, filtered (to reduce the chance 
of foreign particles marring the finished coat) 
and recirculated to be used again. Parts of all 
shapes are coated to a thickness of one mil no 
matter where the coating is measured. 

As for dimensions, each flow coat machine 
is 40 ft. in length, including entrance and exit, 
but the actual flow section is only 4 ft. long. 
The enclosed drip area is 560 ft. long for the 
faster moving passenger car parts line, and 
about 300 ft. long for the truck parts. S 


Fig. 1— Truck Body Parts Enter New 
Flow Coat Machine. The machine pro- 
vides better rustproofng and smoother 
finishes while reducing labor costs. There 
are two washers (each with seven stages) 
two drying ovens and another flow coat 
machine for the passenger car parts line 
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This commercial heat treaters’ high-speed Ajax salt bath installation has meant 


GET THE 
FACTS! 


For the complete story of 
Benedict-Miller’s high-speed 
salt bath and operational 
details, write for AJAX SALT 
BATH TIPS & TRENDS, Vol. 
12, No. 2. 


Uniform...Decarb-free...Straighter Work 


When Benedict-Miller Inc., well-known commer- 
cial heat treaters of Lyndhurst, N. J. installed their 
Ajax high-speed salt bath furnace they expected a 
lot in the way of better, lower cost results—and 
got even more! Here, after 3 years of constant 
use, is the way it stacks up: 


WORK HANDLED IN 50% - 75% LESS TIME! 


Regardless of size, shape or type of high-speed work, 
loads are handled in from 21/, to 4 hours as compared 
to 7 or 8 hours previously. 


CHEAPER FIXTURES..... 
FASTER FIXTURING 


Costly special alloy trays that necessitated painstaking 
fixturing of the work have been replaced with simple, 


easily-loaded carbon steel fixtures. 


OUTSTANDING RESULTS ON T-TYPE 
COBALT STEELS..... 


HARDENED TIMES FASTER! 


ing even though protective coatings were used on the 
work to reduce decarburization.) 


PLUS THESE ADDITIONAL ADVANTAGES! 


The same Ajax furnace and the same salt operate at any 
required temperature between 1750° and 2350°F.... 
One daily rectification maintains bath neutrality. . . . 
Partial hardening can now be done as needed. Because 
salt bath heating is so much faster than other methods, 
there is no danger of oversoaking light sections of pieces 
of varied thickness . . . 
. .. And furnace maintenance has been 
lower than their best expectations. 


SALT BATH FURNACES 


Hardness of R, 66-68 is consistently obtained on critical 
cobalt steels such as T., T,, T; and Ts. Decarburization 
is not a factor. Finish grinding is seldom needed. (Previ- 
ously a minimum of .010” had to be allowed for grind- 


Internally heated electric and gas-fired types 


AJAX ELECTRIC COMPANY 
910 Frankford Ave. Philadelphia 23, Pa. 
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Wanted: 
Corrosion Complaint: 
About Type 316 L 
Weld Metal 


Service exposure of Type 316 L 
stainless steel in the as-welded con- 
dition seems to lead to weld corro- 
sion under a variety of conditions. 
However, too little information has 
been published to permit prediction 
of this attack. 

The Welding Research Council's 
High Alloys Subcommittee is inves- 
tigating this subject and would like 
information about any such experi- 
ence readers of Metal Progress can 
report. A post card to Dr. H. Camp- 
bell, Arcos Corp., 1500 South 50th 
Street, Philadelphia 43, Pa., will 


initiate correspondence. 


Phase Diagram for 
Stainless Weld Metal 


W. T. DeLong, chief metallurgist, 
McKay Co., York, Pa., has written 
to us to point out an area of possible 
misinterpretation in his article, “A 
Modified Phase Diagram for Stain- 
less Steel Weld Metal”, which ap- 
peared in the February issue of 
Metal Progress. The article sug- 
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gests a few changes in the Schaeffler 
diagram which is used primarily to 
predict ferrite content in stainless 
steel weld deposits when the com- 
position of the electrode is known. 
Mr. DeLong emphasizes that two 
important changes are incorporated 
in the revised version. 

First, the DeLong diagram in- 
cludes a correction to account for the 
austenitizing effect of nitrogen in the 
weld metal. The article leaves the 
impression that this is the only modi- 
fication suggested. However, it is 
also proposed that the original dia- 
gram be changed in the area of 
Types 316, 309 and similar composi- 
tions. According to Mr. DeLong, 
this correction is not based on any 
variations in nitrogen content but is 
necessary because of misplacement 
of the lines in this area on the origi- 
nal diagram. Thus, the footnote 
(Metal Progress, February 1960, 
p- 99) and caption to the revised 
diagram on the Data Sheet (p. 
100-B), which state that heats with 
normal nitrogen content will plot 
out almost identically on the Schaef- 
fler and DeLong diagrams, and the 
statement on p. 99 — “Observations 
made during the investigation sug- 
gest that a factor for nitrogen should 
be added to the conventional dia- 
gram to correct this discrepancy” — 
are true only when applied to Types 
308, 308 L, 308 Mo and 347. In 
types 309, 316 and related compo- 
sitions the difference between ferrite 
content as predicted by the Schaef- 
fler diagram and that actually pres- 


ent is accounted for in the DeLong 
diagram, not by addition of a nitro- 
gen factor in the nickel equivalent, 
but by relocating the lines of con- 
stant ferrite. Thus, according to the 
article (p. 98), “The slope of the 
constant ferrite lines is increased to 
correct the discrepancies found be- 
tween the calculated and measured 
ferrite in such stainless steels as 
Types 316 and 309”. 


Tough Chromium Steels 


MENLO Park, CALIF. 


In the excellent article in the April 
issue of Metal Progress entitled 
“Chromium Steels Remain Tough 
After Eight Years at High Tempera- 
ture”, by Merrill A. Scheil, an unfor- 
tunate error occurred in the little 
table on p. 105—namely, the col- 
umn headings are interchanged. As 
can be seen immediately by the 
nearby Fig. 1, carbon forms ferrite 
or delta iron in iron-chromium alloys 
containing more than about 18% 
chromium. As is well known, car- 
bon, nickel, manganese and copper 
all tend to stabilize austenite whereas 
the body-centered cubic metals and 
aluminum promote ferrite. It fol- 
lows that if the 15% chromium-iron 
contained 0.2% of carbon instead of 
aluminum, it would be completely 
austenitic. However, if it contained 
0.2% aluminum and had a low- 
carbon content, it would be com- 
pletely ferritic since it would fall 
outside of the gamma loop. This 
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THE LATEST WORD IN HEAT TREATING 
GFSAUTOMOTION 


F “Automotion” Furnaces operate wholly automatica 
ail continuously, and are easily placed in any continuo 
or intermittent production line. 
‘Rotary Retort or Shaker Hearth... both deliver maximur 


YEARS OF 
IIlustrated is AGF Model 240 Shaker Hearth with “in-line” PIONEERING 


Quench Tank No. 30 and AGF Conveyorized Tempering 
Furnace Model 242 and final quench tank ... This AUTO- NG 


MOTION production line is capable of heat treating, under 7 ——~ oS 
letel lled if 
GAS FURNACE CO. 


x AYETTE STREET + ABETH 4, N.J. 
Send for details of models to meet your SPECIFIC needs. et ee 
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13% TON EQUALIZING AXLE 
from BLUEPRINT to FINISHED PART 


by FINKL 


This 27,000 pound steel forging,* made to sup- 
port a million pound load, was completely 
manufactured from molten steel to a finished 
machined part in the Finkl shops. 

A 115,000 pound electric furnace steel ingot 
was cast, forged, hot cut and heat treated, fol- 
lowed by hundreds of hours of rough and fin- 
ished machining. Then the square section was 
heated to accept the horizontal part to complete 
the shrinking operation to make this equalizing 
axle. 

Finkl is well-equipped to engineer and pro- 
duce a wide range of forged parts . . . our sales 
engineers will be pleased to talk to you about 
your forgings, hot work steels and die block needs. 


*Replaced a casting 


Manufacturers of the 
largest forgings in the Middle West 


A. Finki&SonsCo. 


2011 SOUTHPORT AVENUE +» CHICAGO 14, ILLINOIS 


Offices in: DETROIT + 


CLEVELAND 


PITTSBURGH + INDIANAPOLIS + HOUSTON 


ST. PAUL * COLORADO SPRINGS + SAN FRANCISCO + SEATTLE * BIRMINGHAM « KANSAS CITY 
BOSTON + LOS ANGELES Warehouses in: CHICAGO + DETROIT + BOSTON + LOS ANGELES 


138 


Circle 2049 on Page 48-B 


Tough Cr Steels . . . 


means that the last sentence in the 
first column is also erroneous. 

Since my name is mentioned as 
the originator of the idea of “chro- 
mium equivalents”, it might be said 
that when this occurred to me I was 
concerned with the hardenability 
and high-temperature behavior of 
these types of alloys since they were 
intended for mercury boilers. How- 
ever, in light of today’s knowledge, 
I believe that the chromium equiva- 
lent concept would have little bear- 
ing on the embrittlement problem 
unless the temperature is high 
enough to promote recrystallization 
and grain growth. At 750° F. em- 
brittlement can be due to several 
possible factors, and I believe that 
the predominant one is a disorder- 
to-order transformation which is 
retarded by such factors as cold 
work, impurities, and the diffusion 
rates of the alloying elements pres- 
ent. It follows that embrittlement 
has always been and still is a difficult 
phenomenon to pin down. 

Regardless of the chromium 
equivalent concept and what causes 
the embrittlement, the results which 
you presented are most interesting. 
They will be very beneficial to the 
power and oil industries and I am 
glad that you have made them 
available. 

R. H. THIELEMANN 


Chairman, Dept. of Metallurgy 
Stanford Research Institute 


EDITOR-IN-CHIEF’S COMMENT: No 
excuses offered for mixing up Mr. 
Thielemann’s formula for chromium 
equivalent. It was just a lapse into 
dumbness. 


More on Flight 
in the Thermosphere 


WasuinctTon, D.C. 


We thought it might be interest- 
ing to review the steps leading to 
the preparation of the manuscript 
which served as a basis for our four- 
part article on “Flight in the 
Thermosphere”, appearing in the 
March, April, May and current 
issues of Metal Progress. 

In 1957 a committee of the Na- 
tional Academy of Sciences made a 
study of the long-range research and 
development program of the Air 
Force. The members concerned 


METAL PROGRESS 


i 
i} 
f 
= 
‘ 
= 222 
Q 
= % 
$ 
> 
%, 


Y DIFFRACTION AND SPECTROSCOPY 


EQUIPMENT 


for analysis of the lighter elements 


Especially suited to the X-ray spectro-chemical analysis 
of elements below atomic number 22, RCA’s new Vacuum 
Spectrometer permits the use of three samples at one 
time. Samples— powders or solids —can be moved in and 
out of the vacuum path without breaking vacuum. The 
need for helium is eliminated, but air or helium can be 
used when desired. A flange connects the sample chamber 
directly to the X-ray tube, making higher intensities 
possible, and eliminating the need for a second beryllium 
window. From a cold start the recommended vacuum of 
0.1mm or 100 microns can be reached in less than two 
minutes. Designed primarily for the analysis of lighter 
elements, the Vacuum Spectrometer can be used to advan- 
tage with heavy elements to give higher intensities. 


The Vacuum Spectrometer is one of a wide range of 
attachments and accessories available for RCA X-Ray 
Diffraction and Spectroscopy equipment which contribute 
to its extreme flexibility of application. Installations 


already made in some of the nation’s leading research 
laboratories are demonstrating the efficiency, technical 
excellence and versatility of these instruments. 


Installation supervision and contract service for RCA 
Electron Microscopes and X-Ray Diffraction and Spec- 
troscopy Equipment are available through the RCA 
Service Company. 


For details on the new Vacuum Spec- 
trometer or RCA’s full line of X-Ray 
Diffraction and Spectroscopy equipment, 
write to RCA, Dept. H-72, Building 15-1, 
Camden, New Jersey. 


The Most Trusted Name in Electronics 


RADIO CORPORATION OF AMERICA 
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Vacuum Spectrometer and a Diffractometer mounted on 
Crystalloflex 1V and connected to Electronic Circuit Panel 
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FROM NEEDLE BEARINGS 


You can depend on 
ASHWORTH METAL PROCESS BELTS 
to carry the load 


Any operation that depends on continuous product flow... 
brazing, hardening, quenching, annealing, tempering, washing, 
sintering . .. should depend on an ASHWORTH METAL PROC- 
ESS BELT to carry the load. 


Process temperature and furnace atmosphere are no problem for 
Ashworth Engineers, they have at their command any metal or 
alloy that can be drawn into wire . . . they have the experience 
to specify the mesh or weave that will supply the correct surface 
characteristic to overcome any problem of circulation or drain- 
age. Ashworth Metal Process Belts have been designed to with- 
stand and operate at temperatures up to 2100°F. 


Engineering versatility plus the finest plant facilities in the indus- 
try insure quality woven into every Ashworth Belt. 


AA 


Technical literature is available with no obliga- 
tion. Write for new High Temperature Catalog. 


ASHWORTH BROS., inc. 


WINCHESTER, VIRGINIA 
Sales Offices in Principal Cities 
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with materials were greatly im- 
pressed by the importance of mate- 
rials for application at high tempera- 
tures. We felt that the structures 
might be exceedingly heavy if made 
of refractory metals. 

George Gerard, who participated 
in the materials study, pointed out 
the possibility of using thermal pro- 
tection systems and low-temperature 
structural materials. Accordingly, 
the Materials Advisory Board and 
the Office of the Secretary of De- 
fense agreed to start a study of 
thermal protection systems in the fall 
of 1957. At the same time, a study 
of refractory metals was initiated. 

During the thermal protection 
study, those of us who had a back- 
ground in materials found it essen- 
tial to learn the thermodynamics of 
aerodynamic heating. Accordingly, 
W. S. Pellini (who took leave from 
the Naval Research Laboratory to 
work with the Thermal Protection 
Panel) and I felt an obligation to 
report to the materials community, 
in our own words, the new concepts 
that had come to our attention. We 
wanted particularly to emphasize the 
critical importance of developing an 
appreciation of the broad perspective 
of thermal environment. 

We would like to say again how 
much we learned from our associa- 
tion with the members of the Panel 
on Thermal Protection Systems and 
the Committee on Refractory Metals, 
who are listed below. 

J. Harais, JR. 
Executive Director 
Materials Advisory Board 

§. PELLINI 
Superintendent 


Metallurgy Div. 
Naval Research Laboratory 


Panel on Thermal 
Protection Systems 
Wilfred H. Dukes, Chairman 
Bell Aircraft Co. 
Albert Alberi 
Republie Aviation Corp. 
Roger Anderson 
Langley Aeronautical Laboratory 
Samuel P. Batdorf 
Lockheed Aircraft Co. 
A. J. Bell 


Johns Hopkins University 
(Applied Physics Laboratory) 


George M. Cash 
Cornell Aeronautical Laboratory 


Edwin G. Czarnecki 
Boeing Airplane Co. 
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A New HOT WORK Stee! 


For Your Most Severe Applications! 


UHB CALMAX is the latest Uddeholm develop- 
ment to meet your highest demands for hardness, 
wear resistance, mechanical strain and impact at 
elevated temperatures. It is a chromium-tungsten- 
cobalt steel and, when cooled in air, hardens through 
in all sizes. In years of testing by a major non-ferrous 
manufacturer, UHB CALMAX demonstrated ex- 
traordinary stand-up-ability to heat checking and 
wear. For hot press-forging, die casting, and extru- 
sion of copper, copper alloys, and other materials 
with high melting points, UHB CALMAX out- 


performed 9% tungsten and similar grades of hot 
work steels by more than 3 to 1. In one instance, 
UHB CALMAX cores for die casting brass pro- 
duced 15,500 parts, as opposed to 5000 with a 9% 
tungsten steel. The air hardening properties make 
heat treatment safe and easy. Distortion after heat 
treatment is insignificant! 

If you need a steel that is simple to harden and 
that has a high hot-hardness, excellent resistance 
to wear and heat checking, contact your nearest 
Uddeholm office, today! 


Ask for the UHB CALMAX pamphiet! 
why UDDEHOLM COMPANY OF AMERICA, INC. 


155 East 44th Street, New York 17, N.Y. ¢ MuUrray Hill 7-4575 


BRANCH OFFICES & WAREHOUSES: Long Island City, W.Y.: 22-14 37th Ave., MUrray Hill 7-4575 Cleveland: 4540 East 71 Street, Diamond 1-1110 


Les Angeles: 5037 Telegraph Road, ANgelus 2-5121 Newington, Conn.: 2175 Berlin Tpke., P.O. Box 136, MOhawk 6-5461 


TOOL AND DIE STEELS DISTRICT REPRESENTATIVES: Chicago: Frank J. Mackin, Leroy E. Marshall, 55 East Washington, STate 2-1649 Detreit: Warren H. Nugent, 17304 Lahser Road, 
COLD ROLLED SPRING KEnwood 5-6340 Philadelphia: Frank T. Campagna, 1418 Walnut St, PEnnypacker 5-2114 TOOL STEEL WARENOUSE DISTRIBUTORS: Rockford, Ill.: Rockford Industrial 


STEELS Stee! Service, 2229 Twenty-Third Ave., WOodland 3-5463 Utica, N. ¥.: Pacemaker Steel Warehouse, Inc., 1604 Lincoln Ave., REdwood 5-6484 
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QUENCHED from 1600°F to 300°F, this 10'4-foot gear 
owes its uniform hardness to violent agitation of quench 
water by five propeller-type side entering LIGHTNIN 
Mixers, installed near bottom of 12-foot-deep tank, be- 
low floor level. See diagram below. ial 


No soft spots 77 this 71,4-ton gear 


How do you get uniform hardness in a 
cast steel gear weighing 72 tons? 

The Falk Corporation (Milwaukee) 
does it with this king-size water quench 
tank, equipped with five 25-horsepower 
propeller-type LIGHTNIN Mixers. 

The gear is quenched at Wisconsin 
Steel Treating & Blasting Co. for The 
Falk Corporation, who engineered the 
process. 

To speed heat extraction, the LIGHT- 
NIN Mixers churn the water violently 
during quenching. The resulting turbu- 
lence constantly wipes and wets every 
square inch of the huge gear surface. 

Temperature of the gear drops from gear, for maximum liquid contact and 
1600°F to 300°F— producing the de- _ best possible heat transfer conditions. 
sired hardness over the entire gear, 
which is 104% feet in diameter. 

“We are fully satisfied with LIGHTNIN 
Mixers for this important quenching 
operation,” says Edward J. Wellauer, 
Falk’s Assistant Chief Engineer. “The 
mixers were installed late in 1953 and 
have given us excellent results ever 
since.” 

Don’t let size keep you from getting 
better physical properties, greater tough- 


SIDE ENTERING unit is one of many 
LIGHTNIN types you can get, in sizes 
ness in quenched parts. You can im- from Ye to 500 HP. You can use LIGHTNIN 


. : Mixers for standard quenching, martem- 
prove hardness uniformity, reduce or tar 


eliminate warpage and cracking, re- tinuous work; in new or existing quench 
treats and rejects—by quenching parts —_ tanks of any size and shape. 


as small as a lock washer, as big as a 
105mm _ gun barrel, with LIGHTNIN 
Mixers. Write us today for facts on 
LIGHTNINs that will give you the results 
you want. 


Mixers 


MIXING EQUIPMENT Co., Inc. 


171-F Mt. Read Blvd., Rochester 3, N. Y. 


In Canada: Greey Mixing Equipment, Ld., 100 Miranda Ave., Toronto 19, Ont. 
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William H. Dorrance 

General Dynamics Corp. 

Norris Dow 

General Electric Development Div. 
George Gerard 

New York University 

Peter Glaser 

Arthur D. Little Co. 

James Mar 

Mass. Institute of Technology 
George C. Pfaff 

Martin Co. 

Norman J. Ryker 

North American Aviation, Inc. 
Loren W. Smith 

Symington Wayne Corp. 

W. H. Steurer 

General Dynamics Corp. (Convair) 


Committee on 
Refractory Metals 

Edward Epremian, Chairman 
Union Carbide Metals Co. 
Frank Coolbaugh 
Climax Molybdenum Co. 
E. H. Crabtree, Jr. 
Colorado School of Mines 
Harry P. Croft 
Kennecott Copper Corp. 
V. A. Fassel 


Institute for Atomic Research 
Iowa State College 


Dean F. Frasche 

Union Carbide Ore Co. 
Nicholas J. Grant 

Mass. Institute of Technology 
Robert B. Green 

Radio Corp. of America 
Robert I. Jaffee 

Battelle Memorial Institute 
Dwight M. Lemmon 

U. S. Geological Survey 
Robert M. Parke 

General Electric Co. 

William Rostoker 

Armour Research Foundation 
Italo S. Servi 

Kelsey-Hayes Co. 

Stuart R. Zimmerley 
Kennecott Research Center 


Etchant for 
Stainless Steel 


MILWAUKEE, Wis. 

We have received several letters 
asking for a composition of the modi- 
fied aqua regia plus cupric chloride 
etchant mentioned in the articles by 
Merrill A. Scheil and myself on the 
corrosion of stainless steel in Metal 
Progress for July and August 1959*. 

This solution is not strictly aqua 
regia and is never, to my knowledge, 

* See footnote on p. 144. 
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SEND YOU THIS 
MATIVE BROCHURE 
ABOUT GRAPHITE 


VERSIFIED 


FOR ATIONS 


IN DUSTRIAL APPLIC 
Easily Machined 


Resists thermal shock 
ctivity 


High electrical condu 
Increased strength at high ee 
High temperature dimensional stability 

conductivity 


Chemically inert 


Graphite has a unique combination of physical 
and chemical properties. Its industrial applications 
are highly important and greatly diversified. 


In metallurgy, graphite is the only practicable 
material for certain molds and castings. In metal 
fabricating, it has valuable applications in 
run-out tables, canisters and brazing fixtures. 

In refractories, it displays high resistance 

to thermal shock. New uses for graphite are 
being found in aircraft, missile and rocket 
manufacture, and in nuclear power programs. 


E DIVISION 


N — 
New York 17. N.Y.) 


ELECTROL 


KES CARBO 


Here is an informative brochure that outlines graphite’s many uses, 
depicts highlights of its manufacture, and presents facts 
as to its physical and chemical properties. 


Write us for a free copy of GRAPHITE FOR DIVERSIFIED 
INDUSTRIAL APPLICATIONS 


You will find this brochure a worthwhile.reference. 


oDU 


DIVISION 


GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N. Y. 
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COMBUSTION TUBES 
UNIFORM! THERMAL SHOCK RESISTANT! 


Maunite or Zirco Ceramics! For service up to 
3,000° F! Excellent cycling qualities! Maximum 
strength and sag resistance! Order from your 
scientific laboratory supply house! 


Write for information today! 


REFRACTORY PORCELAIN COMPANY 
BEAVER FALLS . PENNSYLVANIA 
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made up by measured quantities. It 
is made up and adjusted by experi- 
ence, and the solution I have more 
or less standardized is one which nor- 
mally is composed of about 10 cc. 
concentrated nitric acid, about 5 cc. 
concentrated hydrochloric acid and 
about 0.1 g. cupric chloride. The 
solution is made up by placing the 
cupric chloride in a small glass dish; 
the hydrochloric acid is added and 
the cupric chloride dissolved in the 
acid. The nitric acid is added last 
and the solution stirred well and 
used immediately. The solution is 
swabbed on the specimen with cot- 
ton for a few seconds and then 
washed off with warm water and the 
specimen dried. Etching can be 
done by immersion also but it cannot 
be as easily controlled as swabbing. 
The solution itself can be used only 
for a few minutes since once the 
solution starts to form gas bubbles 
(nitrosyl chloride), etching occurs 
at such a rapid rate that it cannot be 
controlled. 

The advantage of this solution 
over aqua regia and glycerine is that 
the cupric chloride solution deline- 
ates the grain boundaries better. 

H. F. Esiinc 


Metallurgical Research 
A. O. Smith Corp. 


Method for Handling 
Small Specimens 


BAYONNE, N. J. 

The problem of polishing samples 
too small to be held in one’s hand 
was encountered while I was work- 
ing with ruthenium alloys. Being 
familiar with some of the character- 
istics of Apiezon waxes, I applied 
wax W-100 (available through James 
G. Biddle Co., 1316 Arch Street, 
Philadelphia 7, Pa.) on a convenient 
metal holder and placed this on a 
hot plate. The wax melted, spread- 
ing over the entire surface of the 
holder, and the sample to be pol- 
ished was placed on top of the hot 


“Corrosion Resistance of Type 347 
Stainless After ‘Sensitizing’ Heat 
Treatments”, by Hilmer F. Ebling 
and Merrill A. Scheil, Metal Prog- 
ress, July 1959, p. 94-97; “TTS Dia- 
grams for Types 304L and 316L 
Stainless”, by Hilmer F. Ebling and 
Merrill A. Scheil, Metal Progress, 
August 1959, p. 87-91. 
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are you 


with your blast cleaning operation? 


Even if you believe you are getting good results now, 
you cannot afford to hang out the “‘Do Not Disturb” 
sign. If you are interested in cleaning speed, finish, 
abrasive consumption, or maintenance costs, listen 
to this: 

NATIONAL has learned to control its melts to 
such a fine point, that we are able to turn out abra- 
sives with controlled characteristics and predictable 
results ton after ton after ton. PERMABRASIVE®*, 
the pearlitic malleable abrasive, annealed practically 
a pellet at a time, is enjoying a ten year record of sav- 
ing money for thousands of cost-conscious customers. 

Here’s what this means: If you are using steel abra- 
sives, PERMABRASIVE* can save you money, be- 
cause of its faster cleaning action and lower cost per 
ton. If you are using ordinary annealed abrasives you 
can save money by buying PERMABRASIVE®, be- 
cause of its faster cleaning action, minimum graphitic 
carbon, and longer life, because of its low phosphorus 
content. And—where special problems call for a cus- 
tom-designed abrasive—NATIONAL can and does 
produce it, because of a decade of experience in the 
fine art of controlling its melts. Simply put: our 
See our ad and listings in AFS BUYERS DIRECTORY. 
Sold Exclusively by 
HICKMAN, WILLIAMS 
& COMPANY (inc.) 


Chicago - Detroit - Cincinnati 
- St. Louis - New York - Cleve- 
land - Philadelphia - Pitts- 
burgh - Indianapolis 


Exclusive West Coast 
Subdistributors 


BRUMLEY- DONALDSON 
COMPANY 


Los Angeles - Oakland 


metallurgists KNOW what it takes to get certain 
results and KNOW how to build it into our shot 
and grit. 

This is no cock and bull story, but a fact. Try us. 
We can prove our points—simply —in your own plant, 
under your own conditions, without upsetting your 
operational apple cart. 

We also make PERMA-STEEL®, the low cost 
“‘work-horse”’ of the long-life abrasives, which may 
fit your special operation perfectly to produce many 
of the same cost-cutting advantages. If you have an 
application that calls for a chilled iron shot and grit, 
try our CONTROLLED ‘“‘T’’®, the “iron fist in a 
velvet glove.”’ In short, NATIONAL makes an abra- 
sive to cover every possible blast cleaning need. 


FREE: Facts of Life concerning the use of Shot and Grit. Write for your copy. 
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Small Specimens . . . 


wax; the entire assembly was then 
immersed in cold water. This treat- 
ment resulted in a hard, semi- 
permanent joint. 

This method is successful for hold- 
ing specimens for metallographic 
polishing or for positioning them for 
section with a cut-off wheel. Another 
use is for mounting nonmagnetic 
samples for surface grinding. Small 
specimens of nickel, molybdenum, 
cobalt, iron and chromium were 
polished on a belt sander with ease. 

The Apiezon W-100 wax is re- 
sistant to dilute solutions of the 
common mineral acids. 

Trichloroethylene solvent easily 
dissolves the wax and allows the 
specimen to be separated from its 
holder. Overheating of the speci- 
men is prevented by the somewhat 
low melting point of the wax. This 
technique would appear to have un- 
limited use in any laboratory. 

B. H. ALBERT 
Research Laboratory 
International Nickel Co. 


[ 


CARBON-RESTORATION 


BRAZING) 
HARDENING 


FOR ANY OF THESE PROCESSES: 


CARBO-NITRIDING 
NORMALLIZING 


ANNEALING 
FORGING 


Rinse Water 
Requirements in Plating 
Processes 


EVANSVILLE, IND. 


In the article by H. W. Parker 
(“How to Determine Requirements 
for Rinse Water in Plating Proc- 
esses”, Metal Progress, February 
1960), the table given in the text on 
p. 82 is out by a factor of 1000! The 
numbers in the table should be 
labeled gal. per 1000 sq.ft. rather 
than gal. per sq.ft. as it was printed. 

JoserH B. KusHNER 


Joseph B. Kushner 
Electroplating School 
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WORKING WITH THESE MATERIALS: 


CASTING OF BRASS AND 
BRONZE 


Adds new information to an 
old art. Learn new developments 
supporting the importance of 
larger casting equipment and 
techniques that justify great ad- 
vances in continuous casting. 
Daniel R. Hull—117 pages—6x9— 
red cloth—$3.50. Clip and send to 
ASM Technical and Engineering 
Book Information Service, Metals 
Park, Novelty, Ohio. 


OIL 


Aluminum @ Brass @ Castlron @ Copper 


Malleable Stainless @ Steel 


OF ANY OF THESE TYPES 


Batch @ Conveyor @ Rotary © Car Type 
Shaker Hearth @ RollerType @ Walking Beam 


HOLCROFT 


GAS 
6545 EPWORTH BLVD. 
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To assure you of consistent quality 


in test materials... 


At Magnaflux, constant testing, improving and creating of 
new powders, pastes and penetrants for nondestructive test- 
ing is a full-time job for 12 specialists and their assistants. 


They use precision equipment such as you see above—plus 
electronic counters, digital computers, photometric instru- 
ments and other testing devices as accurate as you are 
likely to see in any advanced research laboratory. 


Why such extreme care and why is it important to you? 


There is a lot more to making consistent Magnafiux, 
Magnaglo and Zyglo test materials than giving them a 
label and a number. There are numerous critical variables 
that must be controlled. There are many different testing 
materials, powders, pastes, penetrants and developers. Each 
is engineered to give you precisely the test results you 
need. So, depending upon the material and its use, we 
measure and test for such specifics as: 


Size and magnetic properties of particies 

Color contrast or fluorescent brilliance 

Specific sensitivity for particular needs 

Ability to maintain brilliance and composition material 
Viscosity, evaporation and contamination tolerance 
Washability, flash-point and many others 


During our manufacture there are continuous performance 
tests of our own test materials, run on actual defects in 
test parts. New or improved test materials are evaluated 
in our Laboratories — then tested over and over again in 
the field before we release them to you. Our Research 
Division reformulates and improves existing test materials 
even while it creates new ones. 


This is the only way we know to be sure that the Magna- 
flux-Magnaglo and Zyglo materials you use will meet your 
test needs most exactly and without compromise. Shouldn’t 
you be just as sure of any test materials you use? Insist 
upon genuine Magnaflux, Magnaglo and Zyglo materials— 
for your testing’s sake. The consistent quality of your own 
product is only as good as the test materials you use. 


Did you know... there are: 


13 different 
MAGNAFLUX and MAGNAGLO materials 


26 different 


ZYGLO materials 


Each gives continued consistent 
performance. All formulated, developed 
and tested under continuous controls 
for specific performance requirements. 


MAGNAFLUX CORPORATION 


A Subsidiary of General Mills 
7322 W. Lawrence Avenue, Chicago 31, Illinois 
HALLMARK OF Quality NONDESTRUCTIVE TEST SYSTEMS 


New York 36 © Pittsburgh 36 © Cleveland 15 
© Detroit 11 © Dallas 35 ¢ Los Angeles 22 
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Robert C. Bertossa 


PERSONAL MENTION ¢ PERSONAL MENTION * PERSONAL MENTION ¢ PER 
SONAL MENTION * PERSONAL MENTION * PERSONAL MENTION ¢ PERSON 


AL MENT | "me PAR 
PERSON M ° N N ° NA E 


SONAL MENTION * PERSONAL MENTION * PERSONAL MENTION * PERSON 
AL MENTION * PERSONAL MENTION * PERSONAL MENTION * PERSONAL M 


Rosert C. Berrtossa’s @ name 
has been added to the Metal Prog- 
ress masthead as consulting editor, 
based in San Francisco. Now tech- 
nical director for Pyromet Co. in 
San Carlos, Calif., his professional 
career has included work as a senior 
research metallurgist in charge of 
welding and brazing research at the 
Stanford Research Institute in Menlo 
Park, Calif. Before that, he was 
head of the metallurgical research 
laboratory, Chicago Bridge & Iron 
Co., Birmingham, Ala., where he 
directed the research and develop- 
ment of the patented Hortonclad 


During World War II, he served 
in the Marine Corps as a fighter 
pilot, and after his discharge from 
the service, completed his studies in 
metallurgical engineering (at the 
Colorado School of Mines and the 
University of Illinois). 

In addition to his recent appoint- 
ment as chairman of the Golden 
Gate Chapter @ for 1960-61, he is 
first vice-chairman of the Santa 
Clara Chapter of A.W.S. He was 
also chairman of the First Western 
Welding, Brazing and Heat Treating 
Conference in 1958 and _ general 
chairman of the @ Golden Gate 


vacuum-pressure cladding process. Metals Conference held recently. 


Fred L. Siegrist 


As a further step in Metal Progress’ editorial expansion, FRED 
L. Stecrist @ has been named assistant editor. His background 
consists of over twelve years’ experience in metallurgical opera- 
tions, including research and development work in high-tempera- 
ture metals, materials for atomic energy applications and alumi- 
num production. 

Joining the national staff of A.S.M. in 1957, he became a 
training supervisor of the newly-created Metals Engineering 
Institute. Prior to that, he was on the metallurgical staff at the 
Lafayette (Ind.) Works of the Aluminum Co. of America for 
five years and his responsibilities included new practices and 
quality control procedures for aluminum extrusions, cold drawn 
tube products, as well as remelt and casting operations. 

Fred entered the University of Illinois in 1942, but his metal- 
lurgical education was interrupted by three years of service in 
the meteorological branch of the Air Corps. Graduating in 1948 
with a B.Sc. degree in metallurgical engineering, he joined 
Wright Aeronautical Corp. as assistant metallurgist, where he 
tested and evaluated high-temperature alloys for jet engines. 
Two years later he moved to Westinghouse Atomic Power Div., 
working on new fabricating techniques for zirconium components 
of submarine nuclear reactors. - 

Fred is a member of A.S.M., A.I.M.E., A.W.S., and has been 
active in A.S.M. chapter committee work, including the Educa- 
tional Committee of the Cleveland Chapter and Purdue Chapter’s 
Executive Committee. 
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AVAILABLE IN 


VARIETY OF LENGTHS AND DIAMETERS 


Produced in permanent molds to obtain uniform soundness throughout. 
Fahrite alloy tubes (in heat and corrosion resistant analyses) are available 
in a wide range of diameters, lengths and wall thicknesses for many types 
of service. 


Springteld and Lima, 
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Leo Shapiro @ — now staff scien- 
i Which is the tist, materials and propulsion sec- 
; tion, Lockheed Missiles and Space 
Div., Palo Alto, Calif. 
J. R. Kunkel @ — now associated 
with the Torrington Co., Torrington, 
Conn. 
W. G. Shedd @ — from sales engi- 
neer, Surface Combustion Corp., to 
vice-president of Metallurgical Proc- 


essing Inc., Fort Wayne, Ind. Mr. 

Shedd has gone into the commercial 
for your design ? : heat treating business with B. N. 
Clarke @ (president of the new com- 
pany) and E. D. Graham @ (secre- 
tary-treasurer). 


Gary A. Dreyer @ — received his 
M.S. in metallurgical engineering 
in June 1959 from the University of 
Washington and is now employed by 
Boeing Airplane Co., Seattle, Wash. 
H. Huffman — from metallur- 
gist, Watertown Arsenal, Watertown, 
Mass., to metallurgist, General 
Atomic Div., General Dynamics 
Corp., San Diego, Calif. 


Leonard Moskowitz -— from 
Knolls Atomic Power Laboratory in 
Schenectady, N. Y., to research 
metallurgist, Kawecki Chemical Co., 
Boyertown, Pa. 


Allen O. Pinner & — now process 
engineer for Ormet Corp.’s alumi- 
num reduction plant located at 
Hannibal, Ohio. 


Edward E. Malloy @-— trans- 
ferred from Chevrolet Flint manu- 
facturing as a contact engineer to 
Chevrolet Engineering Center as a 
service engineer. 


You can get them all in an Joseph F. Enrietto € — received 


his Ph.D. in metallurgy from the 
University of Illinois in February 


ANIPCO METAL 
tory of Jones & Laughlin Steel Corp., 


in Pittsburgh. 


* Ampco’s one-source service will provide finished parts to your specifications. 


Your Ampco field: engineer is not limited to a single copper-base 


. Sam Friedman — now a metal- 
alloy or a single form, in making recommendations. He can be 


lurgical engineer in the refractory 


completely impartial, because Ampco supplies them all. metals development section of Gen- 
: He helps you realize savings that are often substantial, by eral Telephone & Electronics Labo- 
* king best use of (1) Ampco’s metallurgical know-how; (2) ratories, Bayside, N. Y. 

Ampco’s extensive mechanical and production facilities; (3) new Robert H. Thomas @-— from 
techniques and equipment developed through Ampco research. metallurgist in the process control 
Write for bulletin. laboratories, Convair-San Diego, to 

Call in your Ampco field engineer. Write for a-21¢ chemical-physical engineer in the 
. quality department laboratories of 
in, | the Martin Co., Baltimore, Md. 
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FABRICATIONS? ROLLED SHEET and PLATE? 
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Norton MAGNORITE* fused magnesium 
oxide ramming mix rams easily to high uni- 
form densities that provide extra long serv- 
ice life. Careful grain sizing minimizes 
segregation. Use wherever high refractori- 
ness, inclusion-free melts, and low out- 
gassing are ‘‘musts’’. Ideal for high fre- 
quency melting of alloy steels and high 
temperature alloys containing nickel/ 
cobalt base; vacuum melting, etc. Proved 


performance record, in furnaces of all sizes. 

Rammed Weight..........172 Ibs./cu. ft. 
/ Grain Sizing.............+.6F and finer 


For full information on ramming, sinter- 


a 
/ S ing, ete., write NORTON ComPaANy, Refrac- 
eee tories Division, 325 New Bond Street, 
Worcester 6, Massachusetts. 
*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


WNORTONY 


REFRACTORIES 
Engineered... ... Prescribed 


75 years of... Making better products...to make your products better 
NORTON PRODUCTS: Abrasives + Grinding Wheels + Machine Tools + Refractories + Electro-Chemicals — BEWR-MANNING DIVISION: Coated Abrasives * Sharpening Stones + Pressure-Sensitive Tapes 
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A decade has passed since Tinius Olsen introduced the Selec®range 
Dial Indicator — the electronic null balance system that has literally 
revolutionized the design and use of universal and torsion testing machines. 
As the heart of all Super “L” and Elec®matic units, it still stands out as 
the most accurate and flexible load indicating system ever developed. 
But that is only a part of the Selec®range story. Its basic principles 
have been the springboard to a full line of strain detecting instruments, 
recorders, automatic controls, etc. These are advancing modern mate- 
rials technology from determining the modulus of thin plastic films to 
studying the characteristics of exotic metals at elevated temperatures. 


For an informative brochure on the impact of Selec®range and its 
related developments on industry, and their importance to you, send 
today for a copy of Tinius Talks, Vol. 12, No. 2. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 
2030 EASTON ROAD © WILLOW GROVE, PA. 


Reg. U.S. Pat. Of. Testing and Balancing Machines 
Circle 2065 on Page 48-8 


Personals . . . 


Louis A. Weisenberg © — trans- 
ferred from the jet engine depart- 
ment, where he was metallurgical 
design engineer, to Knolls Atomic 
Power Laboratory of General Elec- 
tric as a nuclear materials applica- 
tion engineer. 


Walter B. Bergin recently 
joined Boeing Airplane Co., Wichita, 
Kan., as brazing engineer. 


Peter C. Oleno @ — from research 
engineer, North American Aviation, 
Inc., to applications engineer in 
charge of fusion welding, Sciaky 
Brothers, Inc., Chicago. 


John T. Wood @-—from sales 
service engineer at Crucible Steel 
Co. of America’s Atlanta branch to 
Miami, Fla., warehouse manager. 


William E. Hutchins @ — from re- 
gional sales manager for Tube Forg- 
ings of America Inc. with offices in 
Houston, Tex., to general manager 
of sales at the main office in Port- 
land, Ore. 


Richard F. Horak © — promoted 
to district manager of a new branch 
office of Pacific Scientific Co. in 
Denver, covering Colorado, Utah 
and Wyoming. 


Frank D. Watson @ -— recently 
joined the Jamison Steel Corp. as a 
sales engineer. 


Frank Forsberg @-— retired as 
chief metallurgist of Gillette Safety 
Razor Co. and since that time has 
been a consulting metallurgist spe- 
cializing in steel wire and strip. 


J. Donald FitzGerald © — from 
sales representative with Copper- 
weld Steel in Cleveland to abrasive 
sales engineer for the Cleveland dis- 
trict of Pangborn Corp. 


S. P. Gaston @ — named assistant 
sales manager, cold finished prod- 
ucts, Vulcan-Kidd Steel Div., H. K. 
Porter Co., Inc., Aliquippa, Pa. 


Dennis R. Hynes @ — to general 
manager and director of sales engi- 
neering of IFCO, Industrial Furnace 
Co., a division of AAA Machinery & 
Equipment Co., Cleveland. 


J. E. Jacobs @, assistant vice- 
president of the steel division, Beth- 
lehem Steel Corp. — elected a direc- 
tor of the company. 
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The Interlox line was developed to give you a better, lower cost, WS 
easily controlled phosphate coating. Its exceptional cleaning 


ability combined with a radically different type of accelerator 
produces an even, fine grained, dense coating which locks your 
organic finish to the metal. 


Interlox eliminates streaks, stains, powdery deposits, and flash 
rusting, giving you the ultimate in appearance, adhesion and 
resistance to humidity and salt-spray. 


Additional cleaning power is easily obtained, when desired, by 
the addition of a low-cost detergent only, thus avoiding the 
danger of over-phosphatizing and the costly practice of adding 
complete phosphatizing compound when only cleaner is required. 


There is an Interlox product developed to meet your particular 
need whether spray or immersion type, single or multiple stage. 
Interlox baths are unusually long lived and require less 
additions and control. 


Licensed Manufacturers 
Alert Supply Co. Los Angeles, California 
Armalite Company, Ltd. Toronto, Canada 


NORTHWEST COMPANY 


9310 ROSELAWN DETROIT 4, MICHIGAN 
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For almost every 


hardness testing requirement 
There’s a Wilson “Rockwell” 
instrument to do the job 


Wilson “Rockwell” Hardness Test- 
ers can help make your products 
better, stronger, longer lasting. 
They give reliable results on the 
production line, in laboratories, in 
tool rooms, and in inspection de- 
partments. They’re as easy to use 
as a center punch, as durable as a 
machine tool, as sensitive and ac- 
curate asa precision balance. That’s 
why Wilson “Rockwell” is recog- 
nized as the world’s standard of 
hardness testing accuracy. 


Wrlte for Catalog RT-58. 
It gives complete details on 
the full line of Wilson hard- 


Diamond Penetrators 
give Perfect Readings 


A perfect diamond pen- 

etrator is essential to 
accurate testing. Only 

flawless diamonds are 

used with Wilson 

“Brale” penetrators. 

Each diamond is cut to 

an exact shape. Micro- 

scopic inspection and a 
comparator check of each dia- 
mond—one by one—assure you 
of accurate hardness testing 
every time. 


ness testing equipment. 


for most hardness 
TWINTESTER testing functions 
combines functions 
of “Rockwell” and 
“Rockwell” 
Superficial Testers 


“ROCKWELL” 
SUPERFICIAL TESTER 
for extremely shallow 

indentations 


TUKON 
for precision micro 
and macro testing 


AUTOMATIC—semi and fully automatic 
models for automatically classifying tested 
pieces at rates to 1,000 pieces per hour 


WILSON 
HARDNESS TESTERS 


Wilson Mechanical Instrument Division 


American Chain & Cable Company, Inc. 
230-F Park Avenue, New York 17, New York 
Circle 2067 on Page 48-B 


Personals . . . 


Benjamin T. Hill, Jr. @— from 
sales representative in the Cleveland 
district sales office of Allegheny Lud- 
lum Steel Corp. to assistant to the 
vice-president in charge of sales in 
Pittsburgh. 


Stephen Kulchar @ — from sales 
engineer, West Steel Castings Co., 
Cleveland, to sales engineer for At- 
lantic Foundry Co., Akron, Ohio. 


Charles K. Leeper @ — from man- 
ager of the development division of 
Nuclear Development Corp. of 
America, White Plains, N. Y., to 
director of the mechanical engineer- 
ing division of Atlantic Research 
Corp., Alexandria, Va. 


James L. Oberg © — appointed a 
vice-president of Metal & Thermit 
Corp., New York. He will continue 
in his present assignment as general 
manager of the metals and minerals 
division. 

E. C, Buckingham @ — from field 
engineer with Pacific Scientific Co. 
to sales staff, Superweld Corp., 
North Hollywood, Calif. 


Harold V. Fairbanks @ — returned 
to West Virginia University as pro- 
fessor in charge of metallurgical en- 
gineering after two years on leave 
as an advisor on the Purdue-Taiwan 
Engineering Education Project. His 
job was to develop the newly formed 
mining and metallurgical engineer- 
ing department at the Taiwan Pro- 
vincial Cheng Kung University and 
to aid the engineering and science 
program in Taiwan. The new 
applied metallurgical engineering 
laboratory at the University was 
named Fairbanks Hall in his honor. 


Milton Stern @-—from Union 
Carbide Metals Co. to Linde Speed- 
way Laboratories, Indianapolis, Ind. 


Joseph V. Emmons @ — retired 
as director of laboratories at Cleve- 
land Twist Drill Co., but remains a 
member of the company’s board of 
directors. He has opened an office 
in Cleveland as a consultant. 


Herbert D. Cronin ©@-— from 
process controller at the Westing- 
house Metals Plant to manager of 
fabrication for the Metals Div., 
National Research Corp., Cam- 
bridge, Mass. 
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Comparative photograph illustrates the ef- 
fect of PT treatment. Casting on left from 


standard aluminum alloy, shows typical 


Now ASARCO process reduces 
and controls shrinkage 


FEDERATED PT (pressure-tight) 
ALUMINUM CASTING ALLOYS 


Use PT-processed metal instead of any of the standard sand and 
permanent mold aluminum casting alloys. Result: no unpredictable 
shrinkage. No need for extra gates and risers. Higher yield per 
pound of metal. More uniform pressure-tight castings. A brighter 
cleaner surface. All the same physical and mechanical properties 
and characteristics. Write or call today for full information about 
PT grade aluminum, to Federated Metals Division, American Smelt- 
ing and Refining Company, 120 Broadway, New York 5, RE 2-9500; 
or call your nearest Federated sales office. 


shrinkage over a large area. Compare with 


casting on right, cast in PT grade, under 
the same conditions! Alloy: F460 (319) 


ANVdGWOD ONINISASY ONY ONILISWS 


FEDERATED METALS DIVISION 


Where to call for information: 


ALTON, ILLINOIS CINCINNATI, OHIO LOS ANGELES 23, CALIF PORTLAND 9, OREGON WHITING, IND. (CHICAGO) 

Alton: Howard 5-2511 Cherry 1-1678 Angelus 8-4291 Capitol 7-1404 Whiting: Whiting 826 

St. Louis: Jackson 4-4040 CLEVELAND, OHIO MILWAUKEE 10, WIS. ROCHESTER 4, NEW YORK Chicago: Essex 5-5000 

BALTIMORE, MARYLAND Prospect 1-2175 Hilltop 5-7430 Locust 5250 

Orleans 5-2400 DALLAS, TEXAS MINNEAPOLIS, MINN. ST. LOUIS, MISSOURI IN CANADA: Federated 
Adams 5-5034 Tuxedo 1-4109 Jackson 4-4040 Metals Canada, Ltd. 


BIRMINGHAM, ALA, 


; t DETROIT 2, MICHIGAN NEWARK, NEW JERSEY Toronto, Ont., 1110 
Fairtex 2-1802 Trinity 1-5040 Newark: Mitchell 3-0500 Birchmount Rd., 
BOSTON 16, MASS. EL PASO, TEXAS New York: Digby 4-9460 Scarborough, Phone: 
Liberty 2-0797 (Asarco Mercantile Co.) PHILADELPHIA 3, PENNA = FRANCISCO 24, CALIF Plymouth 73246 
CHICAGO, ILL. (WHITING) _3-1852 Locust 7-5129 Montreal, P.Q., 1400 
Chicago: Essex 5-5000 HOUSTON 29, TEXAS PITTSBURGH 24, PENNA. * SEATTLE 4, WASHINGTON Norman St., Lachine, 
Whiting: Whiting 826 Orchard 4-7611 Museum 2-2410 Main 3-7160 Phone: Melrose 7-3591 
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Loox 
FOR THE 
DIAMONDS~—sicn 
OF FINISHING 
Quatiry 


for 
protection 
on light 
metals 


For complete infor- 
mation on Iridite, 
contect your Allied 
Field Engineer. He's 
listed under “Plating 


NICAL DATA FILES. 


CoNvaiR- 
ASTRONAUTICS 


PROCESS ENGINEERED 


CHROMATE CONVERSION COATINGS 


Iridite protects against high altitude 
weather extremes and against corro- 
sion by hydrocarbon fuels, such as 
gasoline and kerosene. 

Iridite provides a highly protective 
non-porous paint base. 

Iridite protects against corrosive 
storage conditions. 


And, Iridite gives you these 
additional advantages: 


ON ALUMINUM—needs only normal pre- 
cleaning. Film withstands cold forming 
or bending. LEasily heliarc welded. 
Unusually low electrical resistance. Clear, 
yellow or dye-colored finishes. 


ON MAGNESIUM—short immersion, room 
temperature solution, no electrical equip- 
ment. Corrosion protection relatively 
unaffected by high drying temperatures. 
alloys. Low electrical 
resistance. Color ranges from light 

to dark brown. 


IRIDITE—a specialized line of chromate 
conversion coatings for non-ferrous 
metals. Easily applied at room tem- 
peratures with short immersion, man- 
ually or with automatic equipment. 
Forms a thin film which becomes an 
integral part of the metal. Cannot 
chip, flake or peel; special equipment, 
exhaust systems or highly trained 
personnel not required. 


tridite is approved under government 
and industrial specifications. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET ¢ BALTIMORE 5, MARYLAND 
BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 


West Coost Licensee for Process Chemicals: |. H. Butcher Co. 


Chemical ond Electrochemical Processes, Anodes, Rectifiers, Equipment ond Supples for Metal Fiwshing 


Chromates Coatings Brighteners Supplies Equipment 


Circle 2078 om Page 48-B 


Personals . . 


Al Krahn @ — from field super- 
visor, Eclipse Fuel Engineering Co., 
Rockford, Ill., to a sales position in 
the automotive field. 


Donald Frey @-— now assistant 
chief engineer of the Ford Div., 
Ford Motor Co. 


Thomas L. Blose @ — from assist- 
ant chief engineer at the Ambridge, 
Pa., plant of the National Supply Co. 
to director of product engineering 
at Ambridge. 


George A. Lee @ — to Acoustica 
Associated, Inc., Los Angeles, as 
head of the materials and process 
engineering department. 


Richard P. Edwards @ -— from 
production metallurgist to assistant 
chief metallurgist at Warner Gear 
Div. of Borg-Warner Corp., Muncie, 
Ind. 


Richard B. Smith @ — from Elec- 
tro-Alloys Div., American Brake 
Shoe Co., Elyria, Ohio, to metallur- 
gist with the Union Drawn Steel 
Div., Republic Steel Corp., Mas- 
sillon, Ohio. 


Doyle C. Christianer @ — entered 
the Air Force last October as a 
second lieutenant. After 14 weeks 
at the Communications Office School, 
he became officer-in-charge of the 
Communications Center at the Spo- 
kane Air Defense Sector. 


Karnig A. Berberian @— now 
materials engineer at Sperry Semi- 
conductor Div. of Sperry Rand 
Corp., South Norwalk, Conn. 


I. N. Potovsky @ — a member of 
the technical staff of Hughes Semi- 
conductors, Newport, Calif. 


W. Keith Eggert @ — from metal- 
lurgical engineer, E. I. du Pont de 
Nemours & Co., Inc., to develop- 
ment metallurgical engineer, Aero- 
jet-General Nucleonics, located in 
San Ramon, Calif. 


Leo O. Reed @-— development 
engineer for Western Precipitation 
Div. of Joy Mfg. Co. 


Gerald M. Gordon @—now a 
senior metallurgist at the Stanford 
Research Institute, Menlo Park, 
Calif., working on the development 
of high-temperature refractory metal 
alloys, particularly columbium-base. 
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In this stress-relieving furnace, B&W Kaocrete-D is used on the 
floor ledges, car top, in the door jamb and at the end of the flat 
roof where it withstands the abrasion of the door. This material 
is specially designed to withstand severe abrasive conditions and 
mechanical abuse. 


B&W Kaocrete-32 has been cast to form the curb walls of a soak- 
ing pit. When mechanical abuse from ingots damages the curb, 
Kaocrete-32 has the necessary properties to localize the damage, 
thus maintaining the serviceability of the rest of the curb. 


How B&W refractory castables solve 


Refractory castable linings used in metal-working furnaces 
are often subjected to severe mechanical abuse. Scraping 
by hand tools, loading and unloading, and the action of the 
molten metal and particle-laden gases all affect the life of 
refractories. Among B&W’s line of refractory castables are 
two that are particularly suited to withstand unusual abra- 


Heavy duty car top service requires a high strength castable. B&W 
Kaocrete-D is excellently suited for this service at temperatures 
to 2500 F. B&W Kaocrete-32 is recommended for service above 
this range. 


i 
The castable lining of this aluminum reverberatory furnace must 
have unusually high strength to withstand the considerable physical 
abuse of charging, operating and cleaning, while resisting the 
penetration of the molten metal. Kaocrete-D is widely used in 
this application. 


problems 


sive conditions. They are B&W Kaocrete-D and B&W Kao- 

crete-32, both of which have been used successfully in 

many demanding applications. 

B&W Bulletin R-35A gives additional informatian on versa- 

tile B &W refractory castables. Write for copy to The Babcock 

& Wilcox Company, 161 East 42nd Street, New York 17, N.Y. 
R6O6R 


THE BABCOCK & WILCOX COMPANY 


REFRACTORIES DIVISION 


8&W Firebrick, Insulating Firebrick, and Refractory Castables, Plastics, Ramming Mixes, Mortars, and Ceramic Fiber. 
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Direct Examination of 
Metals With the 
Electron Microscope 


Digest of “Techniques for the 
Direct Examination of Metals 
by Transmission in the Electron 
Microscope”, by P. M. Kelly and 
J. Nutting, Journal of the Insti- 
tute of Metals, Vol. 87, 1958-59, 
p. 385-391. 


FR™ THE DAY that metals were first 

examined with a microscope, 
metallurgists and metallographers 
have been frustrated because they 
were forced to do their work with 
reflected _ light. (Metals, being 
naturally opaque, cannot be viewed 
by transmitted light.) With the ad- 
vent of the electron microscope, 
problems were multiplied because 
the metal itself could no longer be 
examined. The electron beam, in- 
stead of bouncing off the metallic 
surface as a light beam would, pene- 
trated the surface and was lost. 
Replicas of metallic surfaces were 
needed; these transmitted electron 
beams, and enabled metallographers 
to make pictures at ultra-high magni- 
fications. Though successful, this 
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... Interpretative Reports of World-Wide Developments 


method is indirect. For accurate 
results, each of the many steps 
needed for replication requires me- 
ticulous care. Despite these dis- 
advantages, electron microscopy has 
advanced greatly since the process 
first appeared several years ago. 
New and better techniques are con- 
stantly being evolved to make the 
method more and more versatile. 
This paper concerns one such 
technique — one that takes advan- 
tage of a supposed disadvantage of 
electron beams. Metallographers 
reasoned that (since electron beams 


were not reflected, but pierced the 
metal instead) electron beams could 
go through a thin foil, and be re- 
corded by photograph. Thus, the 
actual specimen, not a replica, could 
be examined. The only problem was 
to produce metallic films that were 
thin enough while still retaining the 
characteristics of the bulk material. 
Evidence that this has been done is 
in this paper which is a contribution 
to a British symposium on “The 
Application of Thin-Film Tech- 
niques to the Electron-Microscopic 
Examination of Metals”. 


Fig. 1 — Polishing by the Bollmann Technique. Specimen blank is shown 
(a) with cathode in position to perforate center, (b) with cathodes moved 
apart to perforate edge, (c) with foil section finally cut for examination 
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STALG S METALS 


e « « news about metals and metal chemicals 


JUNE = JULY, 1960 


99.97% Metallic Chromium -= Alert to the special problems of the alloy 
industry, UCM has developed a grade of chromium metal which contains very low 
carbon, nitrogen, and metallic impurities. Called ELCHROME LG, the product is 
especially well-suited for addition to alloys, such as some nickel- and cobalt-base 
alloys, which require minimum amounts of these impurities. ELCHROME LG is 
commercially available in flake and powder forms. Typical analysis of flake: 
0.015% iron, 0.001% carbon, 0.001% nitrogen, 0.025% sulfur, 0.001% lead, and 
less than 0.01% copper. For additional data request CR2-P7. 

* * x 


Wear-Resistant Coating for Service up to 1800°F -- Union Carbide Metals’ 
chromium carbide is being used in a wear-resistant coating developed by the Speedway 
Laboratories of Linde Company, Division of Union Carbide Corporation. Designated 
as LC-1A, the chromium-carbide-base coating is applied using Flame-Plating 
technigues. In one application, the coating is being evaluated for wear problems 
encountered in jet engines at service temperatures up to 1800°F. 

Bulletin CCl-P7 gives data on chromium carbide. For information on LC-1A, 
contact Linde Company, Flame-Plating Sales Department, Indianapolis 24, Indiana. 

Cold Reductions of More than 95% -= Excellent cold-working characteristics 
mean wider utility for vanadium metal in the form of thin strip or foil. In cold 
rolling 16-in. wide sheets reductions of more than 95% are possible without 
excessive work hardening. The need for intermediate process anneals is thereby 
decreased. Possible applications for vanadium strip and foil include X-ray tube 
parts, as well as several uses in the atomic energy field. Bulletin VMS-P7 
gives general data on vanadium. 


* 


Columbium-Base Alloys in Nuclear Age Metallurgy -- Two new columbium-base 
alloys are suggested for possible nuclear reactor applications. These alloys 
contain additions of titanium and zirconium (Cb-65) or aluminum and vanadium 
(Cb-22). The alloy additions help achieve higher strength and better oxidation 
resistance than in pure columbium, while maintaining essentially the same low 
neutron cross section. Arrangements are being made whereby one or both of these 
alloys will be available in the near future for field testing. Request Bulletin 
CBA3-P7 for general information on columbium-base alloys Cb=-22 and Cb-65. 

New Uses for Aluminum Carbide -=- Long known as a source material for 
methane gas, aluminum carbide is finding newer uses as a chemical intermediate and 
catalyst. It is now employed, for example, as a catalyst in the manufacture of 
terephthalic acid. Research has also been done on aluminum carbide as the starting 
material for new organic chemical syntheses. And in radiochemistry, it can be 
used to prepare tritinated methane for measurement of tritium. UCM supplies 
aluminum carbide in development quantities, l in. by D. Data sheet ALC1-P7 gives 
properties and analysis. 


* 


Union Carbide Metals Company, Division of Union Carbide Corporation, 
P.O. Box 330, Niagara Falls, N. Y. In Canada: Union Carbide Canada Limited, Toronto. 


"Elchrome" and "Union Carbide" are registered trade marks of Union Carbide Corporation 
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INT USTRIAL GAS 
BURNERS & 


Using Only Low Pressure Gas 


Sr Clean, Fast, Quiet Heat- Up at Lowest Cost!) 


HIGH SPEED FULL MUFFLE FURNACES LARGE FLOOR TYPE “i 
Bench type for heat treating high speed OVEN FURNACES e% 
"id and alloy steels. Temperatures For universal heat 

4 to 2400° F. treating of larger 
pieces. Temperatures 
to 2000° F. 


Est. 1911 


CHARLES. A. WONES, INC. 


123 So. Grand “Avenue, Baldwin, L.I., New York * BAldwin 3- 1110 


PSC’s All-Sheet Construction 
Adds to Furnace Tube Life 


Experience of users shows much lower frequency of burn-out, with 
tube life extended up to 100%. In PSC tubes, precision-welded 
bends are of same metal and thickness as the 
legs. The conti ly th walls result 
in uniform flow of gas, and reduce the car- 
bon build-up and bend burn-out, which com- 
monly result from the rough interiors of 
cast alloy bends. Lighter than cast by 33 
to 50%, PSC radiant tubes cost less in- 
itially. Any size, shape or alloy. 


All Types Heat-Treat Units 


Circle 2071 on Page 48-B 


Electron Microscope . . . 


According to the paper, there are 
three basic methods for producing 
thin films: deposition, deformation, 
and dissolution. (Since the first two 
systems do not yield films which are 
representative of bulk material, they 
will not be discussed.) Dissolution 
techniques, which are the most 
satisfactory, are essentially etching 
methods. Three systems, chemical 
etching, ion bombardment, and elec- 
tropolishing, have been used. The 
third system, electropolishing, has 
been the most successful; therefore, 
four separate techniques for produc- 
ing thin films by electropolishing 
comprise the balance of this digest. 

These techniques, which are sum- 
marized in the Data Sheet (p. 
100-B), are mainly empirical. There 
is, as yet, little theoretical under- 
standing of the conditions needed to 
produce a uniform foil with the re- 
quired thinness (100 to 2000 Ang- 
stroms. The main trouble occurs in 
removing the metal evenly from the 
surface. Since it is difficult to meas- 
ure the super-thin samples, the cri- 
terion for correct thinness is the 
appearance of one or more holes. But 
as soon as a hole is formed, current 
density relationships change, hole 
edges become rounded, and the thin 
regions are lost. 

Other factors also affect these 
electropolishing methods. For one 
thing, a sheet will polish preferen- 
tially at the edge because it acts 
to concentrate the current. The 
nature of the polishing solution is a 
factor too. Some solutions form a 
viscous layer which flows down a 
vertical specimen; this type will 
attack the top of the sample more 
rapidly (the solution gets thicker and 
less active as it flows down). Other 
solutions which form gas bubbles 
will etch the bottom of the specimen 
more rapidly because the bubble 
layer formed on the specimen surface 


will be thinner at the bottom. 


Bollmann Method 
Several techniques have been 


evolved to negate the adverse effect 
of these inherent characteristics. One 
of these is the Bollmann method, 
diagramed in Fig. 1. To begin 
with, one way to get around pref- 
erential edge polishing is to coat the 
edges with a nonconducting lacquer. 
Of course, this results in preferential 


METAL PROGRESS 


ia 


er OF ; 
wo BLow 
8 eG. PAT = 
wect 
de 
7 / 
iy 
“BUZZER” Burners & Furnaces for Heat Treating, Melting, Soldering 
f Circle 2070 on Page 48-8 | 
-OUT..-# 
4 
4 
| 4 ‘ 3 
THE PRESSED STEEL Wilkes-Barre, Pa. 
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you are looking 


RESISTANT 
A.C. 


HA, HC, HD, HE, HF, HH, jas fie ig STAINLESS 


A.C.I 
HK, HL, HN, HT, + - 
CA-15, CA-40, CB-30, CC-50, 


HU, HW, HX 


CE-30, CF-8, CF-20, CF-8M, 
CF-12M, CF-8C, CF-16F, 
», CH-20, CK-20 


LOOK NO FURTHER THAN fahralloy 


For over a quarter of a century 


Fahralloy has served the needs of 


the nation's leading industries with highest 


quality alloy castings. Whether your 
particular need is for heat resistant alloy 


castings or stainless, you can be sure they'll 


be made to your exact specifications 


when you place your order with Fahralloy. 


1SOTH AND LEXINGTON AVENUE ¢ HARVEY, ILLINOIS 


QUALITY e SERVICE e INTEGRITY 
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Electron Microscope . . . 


polishing at the lacquer edge, and 
the center becomes thicker than the 
outside. To overcome this, Bollmann 
used pointed cathodes mounted close 
to the center of a metal disk (Fig. 
la). The specimen is polished until 
a hole appears in the center; then, 
the points are moved apart about 
% in., and polishing is resumed. 
Another hole soon appears (Fig. 1b) 
and grows toward the first one. As 


Fig. lc shows, foils are eventually 
cut from a region between the two 
holes. 


The “Window” Technique 


The viscous character of some 
polishing solutions makes the “win- 
dow” technique practical. In this, 
a thin sheet (with lacquered edges) 
is mounted vertically in the polishing 
solution. As the current works, a 
hole appears at the top, and grows 
downward. When the hole is about 
halfway down, the specimen is re- 


LET THE 


HANDLE YOUR 
HEADACHES / 


*Localized Steel Service Centers can fulfill your steel require- 
ments and eliminate the necessity for inplant inventory, thus 
releasing your investment in raw material and increasing 


your working capital. 


Don’t take chances trying to outguess supply and demand. 
Adequate stocks are maintained in a wide range of types, shapes 


and sizes. Delivery is immediate. 


MICROROLD STAINLESS STEEL is regularly carried in 
stock by many of these independent steel warehouses. Washing- 
ton Steel is a producer of stainless sheet and strip exclusively, 
all of which is precision rolled on Sendzimir mills. 


WASHINGTON STEEL CORPORATION 


6-T WOODLAND AVENUE ® WASHINGTON, PENNSYLVANIA 
Circle 2073 on Page 48-B 


moved, and foils are cut out to be 
examined. It is reported that foils 
are more uniform in thickness if the 
current is switched on and off rapidly 
near the end of the polishing. In a 
modification of the “window” tech- 
nique, the specimen is inverted as 
soon as the upper edge is pierced. 
This procedure is repeated until only 
a narrow band remains at the center. 
From this, foils are cut. 

For copper alloys, a combination 
of the “window” method and the 
Bollmann method is employed. First, 
a narrow band is formed by the 


“window” technique; this is then 


‘thinned in the center by the Boll- 


mann method. Thin foils of copper 
alloys are difficult to produce be- 
cause the polishing solution is quite 
corrosive in the absence of a current. 
Temperature must be kept low 
(below —5° F.), and the specimen 
must be washed immediately in cold 
alcohol. 

The “uniform-field” method em- 
ploys an anode which is shaped so 
that current density is equal across 
the whole surface when a pointed 
cathode is used. The anode disk is 
thin and flat in the center; its cir- 
cumference is thickened to a pear- 
shaped cross section by suitable 
washers of equal diameter which are 
placed on both sides of the disk. 
Polishing must be stopped as soon as 
the first holes appear. This tech- 
nique is reported to be the most 
promising of all.* 


Machining With a Jet of Acid 


Since all of these techniques are 
limited to specimens which are less 
than 200 microns thick to start with, 
these thin specimens must first be 
produced in some manner. Obvi- 
ously, any mechanical method (roll- 
ing, beating, and such) will alter the 
physical characteristics so that the 
bulk material is no longer repre- 
sented. Therefore, to extend the 
thin film techniques to alloy steels 
and other hard materials, the jet 
machining system has been evolved. 
In this, the sheet specimen is sprayed 
evenly with acid while an electric 
current operates. With the device 
shown in Fig. 2, hydrochloric acid 
at 2 amp. and 50 v. will remove 
steel at the rate of about 250 microns 
per amp. per hr. Since this method 


* Another technique, called the 
“figure-of-eight” method, was de- 
veloped for iron. The digest which 
follows describes this technique. 
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tip for 
rockets 


This is a throat insert for the nozzle of a 
solid fuel rocket engine—and it is made possi- 

ble by a dramatic new isostatic pressing and 
sintering operation at Sylvania. This opera- 

tion enables Sylvania to make full use of tungsten, 
molybdenum and their alloys. It assures rocket 
and missile manufacturers of a steady and depend- 
able source of supply for the desired refractory 
metal blanks and ingots. 

Forging blanks are no problem for the Sylvania 
isostatic presses and sintering furnaces; nor are 


and 
missiles 


preform blanks for machining or electrodes 
for arc casting. Sylvania is also equipped to 
“green machine” the blanks or furnish them 
to exact finished tolerances. 
If refractory metals are your materials, and 
special shapes, sizes or quantities your problem, 
you'll find the quality and price Sylvania offers 
to be of distinct advantage. For details, call your 
Sylvania representative, or write Chemical & 
Metallurgical Division, Sylvania Electric Products 
Inc., Towanda, Pennsylvania. 


of GENERAL TELEPHONE & ELECTRONICS 
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Electron Microscope . . . 


will not destroy or modify the in- 
terior structure, thin foils can be 
prepared rapidly from as large a 
specimen as required. 

In conclusion, though these thin- 


Fig. 2— Electrolytic Jet Machining 
Setup. The eccentric cams impart a 
back-and-forth motion to the acid jet 
and an up-and-down motion to the 
specimen. Thus, a given area of the 

cimen, which can be steel or an- 
other hard alloy, is etched evenly 
and rapidly. When it is thin enough, 
thin-foil techniques can be used 


Electrolyte From 
Header Tank 


foil techniques are in a very ele- 
mentary stage at present, great im- 
provements are expected in the near 
future. Foil specimens are of value 
not only in transmission electron 
microscopy, but also in many of the 
other electron-optical techniques 
being developed. C.R.W. 


Vertical 


Traverse Cam 


40-50 V. D-C. 


Preparing Thin Films 
of Iron 


Digest of “Technique for Pre- 
aring Thin Films of a-Iron”, 
os D. G. Brandon and J. Nut- 
ting, British Journal of Applied 
Physics, Vol. 10, June 1959, p. 
255-256. 


OW, a-IRON CAN BE VIEWED by 
direct transmission with an 
electron microscope. This paper de- 
scribes a special method for produc- 
ing films of metal which are thin 
enough to be pierced by the beam of 
electrons. The technique is quite 
simple, and can readily be followed 
in Fig. 1. There is no guarantee 
that the foil will be thin enough for 
. direct examination, but it can be 
used to observe localized effects. 
First, tensile specimens are pre- 
pared from thin foil (120-micron 
foil was used in the experiment). 
When the ends have been blanked 
off by a commercial compound used 
in plating baths (Fig. la), the cen- 
tral area is electropolished for 15 
min., etched in 1% nital, and plas- 


tically deformed. Polishing solu- 
tion: 10 parts (by volume) glacial 
acetic acid; 1 part perchloric acid. 
(Note: Mixture is highly explosive; 
handle with care.) The cathode is 
stainless steel, and the current den- 
sity is about 0.3 amp. per sq.in. 
After deformation, the specimen 
is examined by optical microscopy, 


Fig. 1 — Preparation se- 
quence for thin films 
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Call “sxc 
operator’: 


Your J&L stainless steel distributor 
can serve you better because J&L 
serves him better, backing him with 
the full facilities of J&L’s Stainless and 
Strip Division. 

Your J&L distributor can reduce 
your costs by providing a complete 
range of pre-production services, and 
doing it economically! He can save 
you the capital investment required 
to maintain long term inventories; he 
can help you eliminate the costs of 
overhead connected with stocking, 
accounting, and the inevitable losses 
incurred through waste and obsoles- 
cence due to specification changes. 

Technical assistance in solving pro- 
duction problems is also available 
from your J&L distributor... when 
those problems are connected with an 
application using stainless steel, J&L’s 
own staff of technical specialists will 
promptly answer your distributor’s 
call for additional help. 

Even when advanced research is 
required you can call on your J&L dis- 
tributor in confidence. He will be 
happy to discuss your problem be- 
cause he knows he is backed by one of 
the world’s most respected teams of 
metallurgists—J&L’s own staff in lab- 
oratories at Detroit and the famous 
Graham Research Laboratories at 
Pittsburgh. 

Your J&L distributor is as near as 
your telephone. Call Western Union 
Operator 25 for the name of your J&L 
distributor of Consistent Quality 
stainless steel. 


J&l — a leading producer of stainless stee/ 
and precision cold rolled strip stee/s 


STAINLESS 


SHEET STRIP BAR WIRE 
Circle 2075 on Page 48-8 
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point of use via Conpighent’ 
Quality stainless steel pump shafts” 
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Call Western for 25 
the nearest 


: = a ‘4 : 
| 
i 
jones & Laughlin Corp STAINLESG@ and STRIP DIVISION DETROIT 34 


Operator dips parts in HANDY FLUX and as- 
sembles them with Easy-FLo 45 rings on a 
moving rig. Assemblies then pass between 
banks of gas burners to complete brazing 
process. Capillary action of Easy-F Lo braz- 
ing alloy insures thorough penetration—guar- 
antees high strength, leakproof joints. 


Flair No. 21 Hot Water Air Vent consists of 
the basic free-venting air valve, a generous 
air-collection chamber and a massive hex 
base. Two preform rings of Easy-FLo 45 are 
used in the brazing operation. Valve assem- 
bly at left was subjected to extreme pressure. 
Note how body ballooned; joints strong and 
leaktight. 


How Flair Manufacturing Speeds Production, 
Eliminates Costly Casting With Easy-Flo Brazing 


Never a field failure in any joint brazed with Easy- 
FLo 45 and HANDY FLUx—that’s the proud record of 
Flair Manufacturing Company, Brooklyn, New York, 
makers of an extensive line of air valves and other 
specialties for steam and hot-water systems. 

Flair finds that brazing with Easy-FLo 45 offers 
competitive advantages in every aspect of design, 
production economy and service life. Big savings are 
made through elimination of costly casting equip- 
ment and more productive use of space. Production 
is smoother, faster. Valves look better, last longer. . . 
in tests to 5000 psi, valve bodies burst while brazed 


joints remain intact. All this for an alloy cost per 
unit of approximately 2'4¢ for two preform rings 
of Easy-FLo 45. 

Speed, strength, economy, low labor costs—advan- 
tages any manufacturer would be glad to have. And, 
all achieved through use of Handy & Harman silver 
alloy brazing. Chances are silver alloy brazing could 
benefit your product too. If it could, or if you think 
it might, don’t hesitate to get in touch with Handy 
& Harman. We’ll help you in every way possible. 
Why not call us today? 


Your No. 1 Source of Supply and Authority on Brazing Alloys 


DON’T MISS OUT... 
on Handy & Harman’s new silver alloy 
brazing Correspondence Course. Designed 
to put all the facts and techniques at your 
fingertips, this course is invaluable to every- 
one concerned with silver alloy brazing. 
Send for ‘Training Course Prospectus.” 


Circle 2076 on Page 48-B 


HANDY & HARMAN 


General Offices: 82 Fulton Street, New York 38, N. Y. 
Office and Plants: Bridgeport - Chicago - Los Angeles - San Francisco 
Dallas 


- Cleveland - Detroit - Providence - Montreal - Toronto 
DISTRIBUTORS IN PRINCIPAL CITIES 
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NEW (3) ELECTROPOLISHER 


FOR METALLOGRAPHIC SAMPLES 


No. 1723 AB EXTRA TANK No. 1720 AB ELECTROPOLISHER 


AVAILABLE 


SIMPLICITY IN OPERATION CaA 


ACCESSORIES 


INTERCHANGEABLE ELECTROLYTE TANK 


IMPACT and CORROSION RESISTANCE 


EASY TO FILL and EMPTY Extra Tanks 


CONVENIENT ELECTROLYTE STORAGE Ne Cooling Coils 


COMPLETE ELECTRICAL INSULATION 
INCREASED SAMPLE AREA AY Extensions: 


GREATER ELECTROLYTE CAPACITY y S "A ANODE-CATHODE 
ETCHING 
A-C 


VERSATILE POWER SOURCE 

D. C. RIPPLE CONTROL 

FIELD TESTED and APPROVED Cathodes 
REASONABLY PRICED 7h for Etching 


Cathode Holders 


Buhler Ltd. METALLURGICAL APPARATUS 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 
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ULTRASONIC TESTING 


INDUSTRIAL X-RAY 


MAGNETIC PARTICLE 


UNIFORM RESPONSE 


in Ultrasonic Testing... from 
Sperry’s New Search Units 


Sperry’s new high performance search units for ul- 
trasonic testing retain the uniform response which 
has made Sperry’s standard quartz crystals almost 
universally interchangeable. 


The new SIL (Lithium Sulphate—Immersion) unit 
furnishes a sensitivity gain up to ten times that 
of quartz. And the new SFB (Barium Titanate) 
search units improve inspection results on hard-to- 
penetrate materials such as coarse grain metals or 
plastics. The SFB units also provide a new hard 
facing with unexcelled wearing qualities. 


Call on Sperry engineering for special transducer 
applications as well as for replacement search units. 


Sperry search unit engineers de- 
veloped this new scanning unit 
for flaw detection at production 
line speeds. The transducers are 
mounted within a liquid filled 
tire shaped casing which pro- 
vides excellent contact with test 
material at high speed. 


Speérry Products Company 


DIVISION OF HOWE SOUND COMPANY 


506 


Shelter Rock Road, Danbury, Connecticut 
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blanked off around the edges as be- 
fore (Fig. lb) and repolished elec- 
trolytically until perforated. Perfor- 
ation always starts at the top next to 
the blanking layer. 

The specimen is then washed, 
dried, and the preferentially pol- 
ished regions are blanked off again 
(Fig. lc). Polishing is continued 
until perforation again occurs. 
Washing and drying are repeated, 
and the final blank-off is painted as 
shown in Fig. ld. The area to be 
examined is placed just above the 
waist of the unblanked-off area. 

In the last polish, perforation 
again starts at the top, and works 
its way slowly downward (Fig. le). 
When the perforated region has 
spread some distance down, perfor- 
ation will also be noted under the 
two overhangs forming the waist. 
When these three perforated regions 
are just about to close in on the se- 
lected area (A in Fig. 1f), the speci- 
men is removed and washed in 
methyl alcohol. Area A is cut away, 
sectioned, and mounted on copper 
grids for direct examination. 

C.R.W. 


Zinc Plating 


Digest of “Plating Zinc on 
Steel From Pyrophosphate Solu- 
tion”, by D. Povey and U. F. 
Marx. Paper presented at Gold- 
en Jubilee Convention, American 
Electroplaters’ Society, June 
1959, Detroit. 


FOR MANY Years cyanide solutions 

have been used for plating zinc on 
steel. The alternative use of pyro- 
phosphate solutions as a practical 
plating system has been investigated 
on a pilot plant scale, and has proven 
to be a feasible method with many 
advantages over cyanide. The pres- 
ent paper reports in detail on the 
process, defines workable limits on 
all operating variables, and presents 
results of plating more than 2000 
components during a 12-month 
period. 

Plating operations were carried out 
in a 103-1. (27-gal.), polyvinyl 
chloride-lined, immersion-heated 
tank equipped with perforated pipes 
for air agitation. Solutions were con- 
tinuously circulated through cloth 
filters, and bath compositions were 
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carefully controlled. Commercial 
salts were dissolved in demineralized 
water to prepare the initial and 
make-up electrolytes. 

In due course, many variables 
were studied. Among other things 
zinc concentration may vary consid- 
erably, but the pyrophosphate:zinc 
ratio appears critical. The ratio 
must exceed 6.4:1 to prevent patchy 
deposits. Impurity content of cop- 
per, lead, iron, aluminum and arsenic 
must be minimized, and solution pH 
must be on the alkaline side (be- 
tween 10.0 and 10.5). The addition 
agents investigated proved to be of 
no benefit. Optimum bath composi- 
tion is: zinc pyrophosphate (Zn.P,O0; 
- 3H,O), 80 g. per 1. (10.7 oz. per 
gal.); potassium pyrophosphate (K,- 
P.O,), 300 g. per 1. (40 oz. per 
gal.); potassium citrate (K;C,H,O, 
-H,O), 15 g. perl. (2 oz. per gal.). 
A solid white precipitate, approxi- 
mating the composition KZnPO,, 
slowly forms in working the solution, 
and must be filtered out. 

As for operating conditions, opti- 
mum results were obtained at 55° C. 
(130° F.) with a cathode current 
density of 1.1 to 3.2 amp. per sq.dm. 
(11.8 to 34.4 amp. per sq.ft), and 
an anode current density of 1.6 to 
3.2 amp. per sq.dm. (17.2 to 34.4 
amp. per sq.ft.). The solution was 
continuously agitated and filtered. 

Deposits obtained from pyrophos- 
phate solutions are harder and chem- 
ically purer than those from cyanide 
baths. Higher cathode efficiency, 
reduced tendency toward hydrogen 
embrittlement, improved corrosion 
resistance of the zinc coatings, and 
reduced rates of solution breakdown 
all favor the use of pyrophosphate 
methods for zinc deposition over the 
cyanide method. Actual compara- 
tive costs, however, remain to be 


established. J. L. Wyatt 


Chinese Aluminum Plant 


Digest of “Soviet-Designed 
Aluminum Works in China”, 
Tsvetnie Metalli (Non Ferrous 
Metals), No. 9, 1958. 


[DPRNG THE PAST TEN YEARS, Soviet 

plant design and research organ- 
izations have participated in the 
design and installation of several 
nonferrous production and fabrica- 
tion plants in Communist China. 
These included plants for producing 
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Here the light-weight transformer head of a 300 KV Model is being positioned 
to X-ray a circumferential weld in an airliner landing gear strut. 


ULTRASONIC TESTING 


INDUSTRIAL X-RAY 


MAGNETIC PARTICLE 


High KV X-ray 
with 100% Duty Cycle 


Triplett & Barton 100% duty cycle X-ray 
may double the number of exposures a day 
—save vital time and dollars. 


The fully loaded, ready to operate Triplett 
& Barton head on the 275 KV Model weighs 
only 65 Ibs. That light weight means easier 
portability, quicker setups — more time and 
dollars saved. 


And Triplett & Barton’s high KV (up to 300 
KV with a full 10 milleamperes output) al- 
lows for shorter exposures with the required 
definition — more time and dollars saved. 


Call on Sperry Sales Engineers for the best in 
nondestructive testing systems and equipment. 
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The Sperry ultrasonic thickness gage, portable, self-powered and direct 
reading is ideal for field use. 


Thickness measurements 


IN SECONDS 


Get fast, accurate ultrasonic measurement of 
wall thickness with Sperry’s new UT gage. 
Battery operated and completely transistor- 
ized, the UT weighs only 10 Ibs. — size 7144” 
x 544” x 11”. Unlike resonance thickness 
gages, the UT gage uses the pulse echo 
method and so makes possible thickness 
measurements where surfaces are off paral- 
lel, or when they are pitted or rough. 
Measurements are read directly on a cali- 
brated meter — accurate within 1% of full 
scale and will measure steel thickness from 


<Srensy> .07 to 1.5 inches. Alarm lamps are provided 


for use in dark areas, or for go-no-go 
ULTRASONIC TESTING 


operation. 


INDUSTRIAL X-RAY For more information on this and other 
ultrasonic, X-ray or magnetic particle equip- 

ment, write to Sperry, pioneer in nonde- 
MAGNETIC PARTICLE structive testing. 


y Products Company 
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Aluminum Plant. . . 


aluminum ingots, wire, cable and 
wire mesh. Their latest completed 
project is an integrated aluminum 
rolling mill, consisting of a melting 
and casting shop, hot mill, cold strip 
and sheet mill, and extrusion shop. 

Two “duralumin”-type alloys —a 
4% Cu, 0.6 Mg, 0.6 Mn, balance Al 
(Alloy D-1) and 4.5% Cu, 1.2 Mg, 
0.9 Mn, balance Al (Alloy D-16)— 
are produced by the melting shop. 
They are semicontinuously cast into 
cylindrical and rectangular ingots up 
to 8 X 24 X 55 in. size. The ingots 
are homogenized in _ electrically 
heated 720-kw. pit-type furnaces 
with forced air circulation. Tests 
of these furnaces indicated thermal 
accuracy of + 5° C. (10° F.). 

Slabs are hot rolled on a reversing 
mill (designed by Novokramatorsk 
Machine Factory) with 28-in. work 
roll diameter, 50-in. back-up roll 
diameter and 80-in. roll width. The 
mill is equipped with the following: 

1. Auxiliary release drive in the 
screw-down arrangement in the 
event of wedging between rolls. 

2. Adjustment of strip crown. 

3. Lighter entry conveyer. 

4. Automatic transport of the 
rolled strip to the coiler gripper. 

5. Edging rolls to prevent edge 
cracking (edge roll diameter is 32 
in. and width is 12 in.). 

A cold mill (designed by Ural- 
mash Machine works) with 20-in. 
diameter work rolls, 50-in. diameter 
back-up rolls, 67 in. wide can process 
strip of 0.5-mm. (0.02 in.) and 1- 
mm. (0.04 in.) thicknesses at about 
10 to 20 ft. per sec. At 10 fps., ac- 
celeration is achieved in 9 sec. and 
retardation in 7 sec.; at 20 fps. it 
takes 16 and 12 sec., respectively. 

The mills are equipped with a 
“straight” finishing line consisting of 
a mechanical shear, coil unwinders, 
roller-straighteners, guillotine shears 
for transverse shearing of sheet, dry- 
ing ovens, sheet packing and 
unpacking machines. 

The plant was designed in Russia 
by six specialized organizations: con- 
struction, plant design, furnace, 
electrical and metallurgical design 
and development groups. Its con- 
struction took 2% years; 50 Soviet 
specialists assisted in its installation 
and start-up, and a Chinese staff 
trained in Russian plants will be run- 
ning it. ArTuur B. TESMEN 
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Alloying With Nitrogen 


Digest of “Nitrogen as Alloy- 
ing Element in Openhearth 
Manganese-Vanadium Steel”, by 
H. J. Wiester, H. A. Vogels and 
Horst Ulmer, Stahl und Eisen, 
ee 79, Aug. 6, 1959, p. 1120- 
1129. 


GEVERAL PAPERS have been pub- 
lished on the favorable effects 
which the formation of aluminum 
nitride has on the structure and 
properties of steel. These improve- 
ments consist mainly of reduced 
grain size and brittleness, better 
welding properties and greater ten- 
sile strength. Following up this 
discovery, H. J. Wiester, W. Bading, 
H. Riedel and W. Scholz were able 
to prove that the effect of finely 
dispersed aluminum nitride in steel 
can be further increased by the addi- 
tion of nitrogen and its absorption 
by a corresponding amount of added 
aluminum. Through these experi- 
ments, equilibrium conditions were 
also established for aluminum, nitro- 
gen, aluminum nitride in liquid and 
solid form. Depending on the con- 
tent of aluminum and nitrogen, these 
two elements dissolve in the melt 
at temperatures from 1200 to 1350° 
C. (2200 to 2450° F.). At lower 
temperatures, solubility in the solid 
state is reduced, thereby creating 
suitable conditions for the forma- 
tion of aluminum nitride. Separa- 
tion of aluminum nitride from the 
austenite is very slow. It may not 
occur at all if the saturation point 
is slightly exceeded and if nitride 
nuclei are lacking, even after several 
hours of annealing. However, all 
nitrogen is separated from the ferrite 
in the form of finely dispersed alumi- 
num nitride in the 700 to 900° C. 
(1300 to 1650°F.) range after 
comparatively short annealing. 

To make further use of the bene- 
ficial effect of high nitrogen in steel, 
and to overcome the limitations of 
aluminum in respect to hot working 
and heat treatment, other agents 
with an affinity for nitrogen were 
sought. H. Neumeister and H. J. 
Wiester found that the addition of 
vanadium or titanium can correct 
the shortcomings of aluminum. The 
reciprocal effect of aluminum and 
vanadium in manganese-vanadium- 
nitrogen steel to which aluminum 
has been added is still the subject 
of detailed investigations and will be 
reported on only after their conclu- 
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This crankshaft from an engine, in for rebuilding, had a serious crack 
invisible to normal vision and could have failed after the first few 
hours of operation unless the crack had been found by SONOFLUX. 


Sperry SONOFLUX® 


ULTRASONIC TESTING 


INDUSTRIAL X-RAY 


MAGNETIC PARTICLE 


Infinite Current Control 
inspects more parts per dollar 


The fastest, most accurate magnetic particle inspec- 
tion depends on an exact standard of amperage 
through the coil for a given part. 


For the first time a current standard for a given 
part may be predetermined and maintained in 
actual multiple part inspection. Line voltage varia- 
tions, or size of part, could make it impossible to 
obtain the desired amperage with a 6 or 8 point 
control. With the exclusive new Sonoflux infinite 
control, output can be set and maintained exactly 
at the correct amperage under all conditions. 


This is but one of the outstanding features incorpo- 
rated in Sonoflux equipment. As example, Sonoflux 
also offers integral fast two second demagnetizing. 
Look to Sperry Sonoflux for the newest in a com- 
plete line of magnetic particle equipment services 
and supplies. 
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e Variable Speed Plate Machine 
¢ 200 inch-pound Rotating Beam Machine 


... can be placed on the same bench .. . and 
used to perform a wide variety of tests. 


Two small testing machines that deliver big results: that’s what 
you get with the units pictured above. 


The Tatnall-Krouse Variable Speed Plate Machine provides fatigue 
testing capability of wide versatility in one compact package. Length of the 
specimen can be 2” - 24’’. And with a few attachments, you can test plastics 
... apply either combined or direct stress . . . and run tests under extremely 
high temperatures (1800°F). Bench space required for the unit is only 
36” x 30”. 


The Tatnall-Krouse Rotating Beam Machine can test a wide variety of 
materials with great precision under reverse bending stresses. The unit 
eliminates expensive machining required with ordinary taper shank or press 
fit specimen because the specimen is a simple straight shank type . . . slashes 
set-up cost by 75%. What’s more, space requirements are a mere 42” x 15’. 


You can reduce your testing costs with these and other Tatnall or 
Tatnall-Krouse fatigue and stress testing machines. We will be glad to help 
evaluate your testing requirements and select the equipment which best 
meets your needs. Why not send for detailed information . . . today. 


MD 


THE BUDD COMPANY - P.O. Box 245 + Phoenixville, Pa. 

Consult your phone book for sales offices in: Atlanta, Ga.; Oak Park, IIl.; Detroit, 

Mich.; Seattle, Wash.; Dallas, Tex.; Los Angeles, Calif.; San Francisco, Calif. 

In Canada 

Tatnall Measuring and Nuclear Systems, Ltd., 46 Hollinger Rd., Toronto 16, Ont. 
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sion. So, far, only the effects of 
the absorption of nitrogen on the 
mechanical properties of steel are 
known. Experiments with open- 
hearth sheet steel prove that nitrogen 
can improve mechanical properties 
of a low-alloy steel. Finely dispersed 
nitrides impart to this steel the prop- 
erties of fine-grain structural steel, 
particularly as regards reduced 
brittleness and low transformation 
temperatures. It must be empha- 
sized that these properties were ob- 
tained by standard heat treatment 
with transformation in the pearlite 
range and without any additional 
refining process. The results of the 
experiments also show thickness of 
the sheet does not affect the proper- 
ties of the steel. Combining nitro- 
gen with vanadium instead of alu- 
minum has the added advantage of 
providing a wide range of hot work- 
ing temperatures. 
K. C. SPENCER 


Metal Surfaces 


Digest of “The Nature of a 
Metal Surface”, by Walter Boas. 
Paper presented at the 12th An- 
nual Conference of the Austral- 
ian Institute of Metals. 


"To Discuss the fundamental aspects 

of a metal surface in a general 
way, the following questions serve 
as a guide: 

1. How does a surface look at 
high magnification? 

2. Why does it have the structure 
we observe? 

3. What effect has the structure 
on the properties? 

In describing any surface, both 
atomistic and more macroscopic de- 
tails, which are characteristic of the 
mode of formation of the surface, 
are required. Real surfaces always 
exhibit structural details, no matter 
how carefully prepared, if examined 
with sufficiently sensitive methods. 

Atomistically, a fairly realistic pic- 
ture of an ideal crystal surface may 
be obtained from a_ hard-sphere 
model constructed according to a 
given lattice geometry and surface 
shape. Features such as close- 
packed planes and directions, as 
well as the inherent roughness of a 
curved surface, are evident and are 
certified by direct observation in the 
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SUPERIOR CASTINGS, EXTRUSIONS, TRACED TQ | FASTER APPLICATION, LESs 
USE OF ACHESON COLLOIDAL GRAPHITE a 


EXTRUSION APPLICATION 
The excellent lubricating properties of these materials have been 
proven under the severe conditions attendant to aluminum perma- | Ajyminum Extrusions, Incorpora- 
nent molding and extruding. In the specific examples described ted. of Charlotte, Michigan, hes 
below, smoother surface finishes, longer die life, and more uniform By, 
metal flow are chiefly attributed to the application of a ‘dag’ | realized a 30% savings in their 
brand dispersion. material handling costs by the use 


of Aquadag® — Acheson colloidal 
graphite in water. They formerly 
had used an oil-graphite mixture 
which required a dilution ratio of 16 
lbs. of graphite to a 55 gallon drum 
of oil. It was too slowly applied by 
swab and too coarse to effectively 
apply by spray. 


With ‘Aquadag’, Aluminum Extru- 
sions has a lubricant that is finer in 
particle size, permits wider cover- 
age, and provides greater “spray- 
ability”. These minute particles pass 
freely through the spray nozzle, 
eliminating the costly downtime 
formerly involved in cleaning 
clogged equipment. The tough, dry 
film ‘Aquadag’ forms upon the evap- 
oration of its water carrier, doesn’t 


smoke or react when applied to hot S 


dies and metals. This improves 
working conditions as well as ex- 
tends die life. Important also to both 
die surfaces as well as the finished 
extrusion, is the fact that this dur- 
able, low-friction film allows easier, 
more uniform metal flow. 


Fewer rejects, consistently higher quality castings are obtained at Paragon Aluminum 
Corporation by spraying ‘Prodag’ on their permanent molds as a pre-pour wash. 


Better surface finish with Prodag@®permanent mold coating is just 
one of the reasons why Paragon Aluminum Corporation, a Divi- 
sion of Detroit Harvester Company located at Monroe, Michigan, | 
switched to this Acheson product. After four years of experimen- | 
tation with other mold washes, Paragon chose ‘Prodag’— Acheson | 
semi-colloidal graphite in water — and has used it constantly the 
past seven years. The reasons for its choice are these: uniform 
consistency, excellent heat-transfer quality, and its hard, smooth, 
tenacious film which resists flaking and provides easier parting 
characteristics. 


With about 95 per cent of its annual output of more than two mil- 
lion pounds of castings going to the automotive industry, Paragon 
must insist upon quality. ‘Prodag’ helps to maintain this standard. 
Parts for convertible automobile tops are precision-molded from 
both 355 and 319 aluminum alloy. Molds are pre-heated before 
each day’s run to 600° F. and the casting eycle maintains this tem- 
perature, The ‘Prodag’ dilution ratio is 1 to 4 parts water and is 
applied to the molds with a commercial spray gun. Aside from 


dj 
occasional touchup at points of greatest wear, this coating lasts | Acheson ‘Aquadag’, applied on die surfaces pro- ISpersions 
through the entire run. Because of the physical contours involved | vides faster, more uniform application for Alumi- 


in these comparatively small, light castings, they require rapid | "™ Extrusions, Incorporated. di est 
cooling in certain areas to insure uniform strength. The ‘Prodag’ 
coating — with its proven fast heat transfer ability — allows the 
castings to cool without breaks or pinholes. And by parting more ti 
easily, the high-finish castings which result have given Paragon | If your problem is more effective repor Ing 
° Aluminum products wide acceptance in this demanding industry. tabricati d wy adv 
If you have a metal casting problem, write direct for additional uses for 
information contained in our Bulletin No, 425. Address Dept. | Conditions of extreme temperature, 


MP-60. pressures, or abrasions, call in 
‘dag’, ‘Aquadag’, and ‘Prodag’ are trademarks registered in the U.S. Patent Office by | Acheson. In the meantime, write for 
Acheson Industries, Inc. your free copy of Bulletin No. 426. 


©) ACHESON Company PORT HURON, MICHIGAN BRAND 


A division of Acheson Industries, Inc. Also Acheson Industries (Europe) Ltd. and affiliates, London, England 
Offices in: DISPERSIONS 
Boston « Chicago « Cleveland Dayton « Detroit» Los Angeles+ New York « Philadelphia Pittsburgh + Rochester « St. Louis 
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a complete line of 
outstanding low temperature silver 


brazing alloys and fluxes 


The completeness of the line of Silvaloy Low Temperature 
silver brazing alloys and fluxes enables you to select the 
alloy and flux “tailored” to the precise requirements of each 
brazing job, Further, Silvaloy alloys are available in the 
wire, coil, strip, plymetal and preformed shape most con- 
venient and economical for the production procedure you 
follow. 

These are the finest low temperature brazing alloys and 
fluxes you can use. The Silvaloy bond is as strong or stronger 
than the metals joined—reason why the country’s leading 
manufacturers relyupon Silvaloy brazing to speed and sim- 
plify production—to get best possible results at lowest pos- 
sible cost. 

There's a Silvaloy expert brazing technician close to your 
plant. If you have a brazing problem, make it ours. Call or Send for 
write for a technical consultation. Send for “A Complete 


Guide to Successful Silver Brazing and Fluxing.” olther one 


or both. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE, NEWARK, N. J, 


contour rolled stock to dimensions 
as close as *.001 of an inch 


Makepeace has created a new concept in the manufacture 
of contour rolled stock parts for machinery, appliances, en- 
gines and fittings. The process is adaptable to many pur- 
poses, particularly where controlled temper, fine finish, and 
close tolerances are required. 

Makepeace can furnish formed stock which does not re- 
quire a final finishing operation. Many manufacturers are 
finding that expensive and time-consuming machining oper- 
ations can be cut to an absolute minimum by the use of our 
precision-contoured stock. 

Contoured strip stock whose cross section is formed of 
one or more curved surfaces can be furnished to tolerances 
as close as +.001 of an inch. Finishes down to eight micro- 
inches can be maintained, and the blending of multiple 
radii is accomplished with minimum variation. Extremely 
intricate angles and combinations of radii can be rolled 
into rod, wire, tubing, and sheet. Any cold-workable mate- 
rial can be used, ranging from brass to the 400 series of 
stainless steels and including high nickel content alloys such 
as Monel and Inconel. Write for literature. 


D. E. MAKEPEACE DIVISION «+ PINE & DUNHAM STREET 
ATTLEBORO, MASS. 


DOMESTIC DIVISIONS: AMERICAN PLATINUM & SILVER DIVISION * AMERSIL QUARTZ DIVISION * BAKER CONTACT DIVISION * BAKER DENTAL DIVISION * BAKER PLATINUM 
DIVISION * BAKER SETTING DIVISION * CHEMICAL DIVISION * HANOVIA LIQUID GOLD DIVISION * INSTRUMENTS & SYSTEMS DIVISION * IRVINGTON-BAKER REFINING Divi- 
SION * 0D. E. MAKEPEACE DIVISION * RESEARCH & DEVELOPMENT DIVISION * H. A. WILSON DIVISION. COMPANIES ABROAD: ENGELHARD INDUSTRIES OF CANADA, LTO., TO- 
RONTO * ENGELHARD INDUSTRIES LTD.. BAKER PLATINUM DIVISION, HANOVIA PRODUCTS DIVISION, LONDON * SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S.A., BO- 


PROMPT PRECIOUS METAL SCRAP RECOVERY SERVICE - ENGELHARD PROCEDURES RECOVER 
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Expendable immersion thermocouple 
economical in bath pyrometry. 


This new Engelhard development presents unique advan- 
tages in efficiency and economy. Its primary function is the 
rapid and reliable measurement of steel temperatures in 
both open hearth and electric furnaces but it may also be 
used with equal efficiency for measuring the temperatures 
of other molten metals. 

Immersed into the body of molten metal, this thermo- 
couple reaches the metal temperature within seconds, the 
output signal being recorded to give a continuous tempera- 
ture record. After immersion, the thermocouple unit is easily 
removed from its socket in the portable iron pipe in which it 
is used, to be replaced with a new one for the next reading. 

The use of a new thermocouple for each bath temperature 
measurement assures positive performance and accuracy in 
individual readings. The Engelhard Expendable Immersion 

, Thermocouple also offers advantages in speed, economy, 
convenience and safety, unattainable with any other type 
’ of temperature-reading equipment. Write for literature. 


INSTRUMENTS AND SYSTEMS DIVISION + 850 PASSAIC AVENUE 
EAST NEWARK, NEW JERSEY 


look to Amersil for all high purity 
fused quartz production equipment 
“a and laboratory apparatus. 


Amersil manufactures and fabricates high purity fused 
quartz for ultraviolet transmission applications, laboratory 
ware and production equipment. These products include 
standard apparatus, plain tubing in many intricate fabrica- 
tions, crucibles, trays, cylindrical containers and piping in 
a full range of sizes up to 25” in diameter. Ingots and plates 
are available in general commercial quality as well as in 
special optical grades. Amersil engineers are also prepared 
to assist in developing fused quartz and silica equipment 
for special requirements. Send for literature. 


AMERSIL QUARTZ DIVISION + 685 RAMSEY AVENUE 
HILLSIDE, J, 


GOTA * ENGELHARD INDUSTRIES $.A.R.L., PARIS * ENGELHARD INDUSTRIES A/S. COPENHAGEN * GLOVER & GOODE PTY.,LTD., MELBOURNE + ENGELHARD INDUSTRIES, K.K 
TOKYO * ENGELHARD INDUSTRIES, PTY., LTO., MELBOURNE * ENGEL HARD INDUSTRIES, LTD., ZURICH * INDUSTRIE ENGELHARD S.P.A., ROME * GUILIANO STACCIOLI—METALLI pac. 
ZIOSO S.P.A.. ROME * INVERSIONES EN INDUSTRIES NACIONALES, S.A., BOGOTA. ASSOCIATED COMPANIES: KALIE-CHEMIE-ENGELMARD KATALYSATOREN G.M.B.H.. HANOVER 


100°% OF ASSAYED PRECIOUS METAL CONTENT + IRVINGTON-BAKER REFINING DIVISION 
JUNE 1960 2088 cn 408 173 
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Metal Surfaces . . . 


field-electron and field-ion micro- 
scopes. Real crystal surfaces differ 
from ideal surfaces in two impor- 
tant respects. Real surfaces (a) 
bear imperfections characteristic of 
real crystals and (b) are contami- 
nated by adsorption. Calculations 
using the straightforward, classical 
formulas of thermodynamics demon- 
strate the rapidity of surface con- 
tamination under normal experi- 


mental conditions. The general 
behavior of adsorbed atoms and 
molecules on a crystal surface can 
be predicted by considering the 
atomistic structure given by the 
hard-sphere model. Certain pre- 
ferred adsorption sites and migra- 
tion directions are expected and, 
again, the field-electron and _field- 
ion microscopes have verified these 
predictions. 

In the more macroscopic sense, 
surface features such as growth 
spirals, growth ledges, etch pits, and 


MILLER 


perfect MIG welds on aluminum, magnesium, stainless and carbon steel sheets 

: to 030’ are the routine result with the New Miller Constant Potential, CP-3-VS. 
Continuous slope and voltage adjustment even during the course of the weld means that 
the operator is able to “tune in” the desired settings. There's no burn-through; there's 
no spatter. Actually, a new performance high in low voltage welding is established with 


ELECTRIC MANUFACTURING CO., APPLETON, WISCONSIN 
Distributed in Canada by Canadian Liquid Air Co., Ltd., Montreal : 
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lamellae are under- 


evaporation 
stood in the light of modern theory 
which relates the surface structure 
of a crystal to the imperfections that 


it contains. Having established the 
role of imperfections in the processes 
of surface formation, the dependence 
of the surface structure upon these 
imperfections and upon the kinetics 
of the surface formation become 
apparent. Although it is well known 
that adsorption may have a marked 
effect upon surface structure, it is 
not yet clear by what mechanism 
this effect is implemented. How- 
ever, it appears certain that the 
structure of a surface larger than 
about 1 mm. is determined by the 
mode of its formation, including 
adsorption effects, rather than by 
equilibrium considerations (in other 
words, minimum free energy of the 
surface). 

Thermal etching represents a type 
of surface formation for which the 
mechanism is not yet determined. 
Recent research has established cer- 
tain empirical relationships between 
the surface geometry of thermally 
etched silver crystals and their ori- 
entation. Interpretation of the 
observations is complicated because 
the process apparently involves oxy- 
gen adsorption and evaporation of 
silver. Although anisotropy of sur- 
face free energy is clearly indicated 
by thermal-etch structures, there is, 
as yet, no proof that surface free 
energy is the driving force of their 
establishment. 

Ion bombardment as a mode of 
surface formation is being exten- 
sively investigated using silver crys- 
tals. While bombardment with 
inert-gas ions smooths the surface, 
treatment with reactive ions pro- 
duces structures similar to those of 
a thermally etched surface. During 
bombardment, atoms are removed 
from the crystal surface, with the 
ease of removal depending on the 
crystal orientation. In addition to 
atom removal, physical changes 
occur in a layer just below the sur- 
face. Electron diffraction shows 
that this surface layer is altered by 
the formation of small crystallites 
whose average diameter is about 
100 Angstroms and whose aver- 
age misorientation is about 10°. 
Although the orientations of these 
crystallites are related to the orienta- 
tion of the bulk crystal, the exact 
mechanism for their formation is 
obscure. It is believed that the 
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TIONAL 


TRADE MARK 


CARBON AND 
GRAPHITE PRODUCTS 


When your operations require refrac- 
tories to handle molten irons either 
inside or outside the cupola, you'll 
realize economic advantages when you 
use “National” carbon and graphite 
products. Why? Because carbon and 
graphite have no melting point... 
resist slag and thermal shock... are 
not wet by molten irons... have low 
thermal expansion...increase in 
strength with increase in temperature. 

Whether you use carbon block and 
brick for lining cupolas and runout 
troughs ... carbon paste for patching 
... graphite tubes for injection and 
upgrading of iron... graphite plung- 
ers for producing ductile iron...or 
core rods and chill plates— you'll find 
these products all help reduce mainte- 
nance, speed production and lower 
overall costs. For details write 
National Carbon Company, Division 
of Union Carbide Corporation, 270 
Park Avenue, New York 17, N. Y. In 
Canada: Union Carbide Canada 
Limited, Toronto. 
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CARBON BLOCKS —Provide long re- CARBON BRICK AND PASTE—Proved GRAPHITE TUBES — Unsurpassed for 
fractory life in the cupola. materials for cupolas and runout carburizing with powder and 
troughs injection for 


“wou | NATIONAL CARBON COMPANY 


of Union Carbide Corporation 
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ALLOYS 
SILVER PLATTER SAVINGS 


are served with these 


ROLOCK 


eat Pant 


“Pressure Welded”’ 


Furnished 2-layer 
or 3-layer 
“Serpentine” 


“Pressure Welded” 
with pusher pads “Serpentine”’ 


with load-retaining sides 


ROLLER HEARTH FURNACE users have found these two ‘basic Rolock Tray 
designs ... and many possible variations ... at once efficient and economical. 

Not only can Rolock design and construction reduce tray weight (often by 
25% to 50%) and thus increase pay-load, but service records frequently 
show that tray life has doubled or tripled. 

These worthwhile savings have resulted from Rolock’s engineering approach 
to tray design, taking into consideration details of the furnace hearth, tray 
load and weight ratios, method of operation, temperature limits and gradients 
and many other factors. 

Complementing correct design, Rolock’s unique “Serpentine” and “Pressure- 
Welded” construction features have proved to be, in many installations, the 
answer to problems of rapid tray deterioration. That is why Rolock today is 
a@ major supplier of furnace trays of these and many special types. 

Why not make your own test. Let Rolock design and build your next 
replacements. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better 
Easier Operation, Lower Cost 
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Metal Surfaces . . . 


bombarding ions penetrate the crys- 
tal with the concomitant formation 
of defects, namely dislocations, 
which produce the crystallite struc- 
ture. If an alloy is bombarded, an 
additional effect is noted. A sur- 
face layer of a uniform composition, 
different from the original alloy, is 
formed. The composition change, 
which depends on the ion energy 
and the original alloy composition, 
results from a differential removal of 
atomic species, but the exact mecha- 
nism is not yet clear. 

The dependence of catalytic ac- 
tivity on surface conditions yields a 
striking example of the effect of 
surface structure on properties. In 
the process of the decomposition of 
formic acid on silver crystals, the 
reaction rate can be increased two 
orders of magnitude by bombarding 
an annealed surface with inert-gas 
ions. The implication is that the 
defects introduced by ion bombard- 
ment cause the increased activity. 
These defects are thought to be the 
dislocations which separate the small 
surface crystallites produced during 
bombardment. M. J. FRASER 


Corrosion Test 


Digest of “Experience With 
the Use of the Corrodkote Test”, 
by D. M. Bigge. Paper presented 
at the Golden Jubilee Conven- 
tion, American Electroplaters’ 
Society, June 1959, Detroit. 


HE CORRODKOTE TEST, an accel- 

erated corrosion test which in- 
volves the application of a corrosive 
paste and subsequent exposure of 
the coated part to a humid, non- 
condensing atmosphere, was devel- 
oped as a suitable test for chromium- 
plated parts on an automobile. The 
original Corrodkote test called for 
either chlorides or nitrates of sodium, 
calcium and ammonia which gave 
nonreproducible results such as in 
the neutral salt spray test. 

A thorough study of the atmos- 
phere in the Detroit area was made, 
and tests were conducted to examine 
which of the contaminants caused 
corrosion damage to plated parts. 
Copper nitrate, ferric chloride, and 
sodium sulphide contained in kaolin 
(pure white clay) paste caused se- 
vere pitting, blistering and _stress- 
corrosion cracks when applied to 
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Control Cemter for 2 

Despatch flog coat ma- 
chines and circttlat- 
ing systems. 


Modernization Speeds Production 
on 1960 Automobile Finishes 
with DESPATCH SYSTEM 


Smoother, long lasting finishes are achieved with 
reduced labor costs in this recent Despatch in- 
stallation. This up-to-date finishing system, 
manufactured and installed for a leading auto- 
mobile producer, provides . . . better rustproof- 
ing . .. smoother more evenly coated application 
of paint or primer . . . more economical use of 
finishing materials . . . and reduces direct labor 
costs by introducing new efficiency and eliminat- 
Seven stages of vltra-<ficient proogising are ing hand prefinishing operations. 
rustprooding machine, on Rarely are two finishing problems identical . . . 
Yo pee yours may differ considerably from those faced 
e by this major auto producer. A Despatch analysis 
of your finishing system can determine what sys- 
tem is best for your product. Despatch experience 
has been solving the finishing problems of in- 
dustry since 1902. It will pay you to take 
advantage of a Despatch finishing analysis in 
your plant. Write today for new bulletin on Des- 
patch engineered systems for modern finishing 
of metals. 


one of the Dese atch flow m. DESPATCH OVEN COMPANY 


611-8th Street S.E. 


from the panetboard in top iflustrations Drip 


centrolied 
for this 40 ft. machine i is 560 ft. lo 
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Corrosion Test... 


plated parts which were subse- 
quently exposed to the humidity 
chamber. Further study revealed 
the stress-corrosion to result essen- 
tially from the iron salts, while 
copper salts promoted blistering, 
cracking, pitting, crows’ feet and 
crazing. Crazing and crows’ feet 
observed by exposure to the De- 
troit atmosphere are produced by 
chlorides of iron and copper in the 
Corrodkote test. Sulphates, nitrates, 
and phosphates of copper and iron 
(in combination or separately) pro- 
mote pitting or pinhole corrosion 
only. Other contaminants of the 
atmosphere are of minor importance 
in producing corrosive attack in the 
Corrodkote test of the severity ob- 
served on actual service exposure. 
Tests were made on panels, includ- 
ing steel, plated with nickel-chro- 
mium and zinc die castings plated 
with copper-nickel-chromium, using 
a number of combinations of chlor- 
ides, nitrates and sulphates of am- 
monium, copper and iron in kaolin 
paste. These results were compared 
with duplicate panels exposed on 
mobile and stationary sites in Detroit 
for one winter. Excellent correla- 
tion was obtained between the serv- 
ice tests and the Corrodkote test 
using kaolin paste of the following 
formulation: 


OptimuM CONCENTRATION OF PASTE 


Cu(NOsz)> 3H.,O 0.035 g- 
FeCl, - 6H,O 0.165 g. 
NH,Cl 10 g. 
Water 50.0 ml. 
Kaolin 30.0 g. 
Acidity 2.0 pH 


The pH of the paste was varied 
over the range 2.0 to 10.9 by the 
addition of ammonium hydroxide 
without any significant difference in 
the test results. Exposure tests in 
atmospheres other than Detroit 
were also made and checked with 
the Corrodkote test. The results of 
these tests, compared with the ° 
Detroit tests, were good. 

The Corrodkote test duplicates the 
type and extent of corrosion caused 
by exposure to the Detroit atmos- 
phere. Because of the excellent 
degree of correlation, the test has 
become a part of the Chrysler ac- 
ceptance procedure for plated parts. 

F. H. Beck 
(More digests on p. 180) 
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dn a test conducted by the Formsprag Company of Warren, H CHROMALLIZED 
¥, - Sprags were removed from an automobile transmission after 55,600 miles of use and ae 
se ompared with ordinary sprags from another transmission after 33,000 miles of use. 4 
The CHR LIZED sprags showed less than half the wear of the other sprags. — 

Chromallized sprag (left) shows almost no wear, while 

ordinary. sprag shows considerable wear. 
A proven process of diffusing Chromium with other elements into the surface provides 
: _ an alloy case which is integral with the base metal. It can’t peel or flake; the chromium ste 
4 and other elements diffuse uniformly into recesses, pores, cracks and even blind holes. : 
CHROMALLIZING provides not only resistance to wear but also considerable resistance vat 
White Plains 6-0020 = 4 
CHROMIZING CORPORATION, LOS ANGELES, CALIFORNIA 
PROPELLEX CHEMICAL DIVISION, EDWARDSVILLE, ILLINOIS 
Propelients, cartridge actuated devices, explosives and special chemicals 
: ELYRIA FOUNDRY DIVISION, ELYRIA, OHIO. Quality gray iron castings 
ss SINTERCAST DIVISION, YONKERS, N. Y. Machinable carbides & nuclear materials ih 
ied 
| | 


CAMBRIDGE METAL-MESH BELTS give you 


the low-cost, continuous production you 


need to beat competition in the ’60’s! 


sintering, brazing, annealing, quenching, 
washing or hardening operations faster— 
and without costly manual handling. Uni- 
formity is high because heat, gases or 
liquids flow through the belt and around 
the product for thorough treatment. 


. Superior belt design and manufacturing 
, techniques save on operating cost, too, 
by giving longer belt life, fewer repairs. 
Belts can be made heatproof, coldproof, 
corrosion resistant—in any mesh, weave, 
metal or alloy—with any side or surface 
attachments. 
Call your Cambridge Field Engineer 
now. He'll be glad to discuss any 
pect of Cambridge Belts—from 
manufacture to installation and 
service. Look in the Yellow Pages 
under “Belting, Mechanical". Or, 
write for FREE 130-PAGE REFER- 
ENCE MANUAL. 


; The Cambridge 
Cm Wire Cloth Co. 


Department B e Cambridge 6, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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Low-Alloy Ferritic Steels 
for Steam Turbines 


Digest 
Steels for the Construction of 
Steam Turbines”, | R. Po- 
korny, T. Buzek and T. Kermes, 
Czechoslovak Heavy Industry, 
No. 2, 1957, p. 22-29. 


of 


ALLOY DEVELOPMENT 

grams undertaken in Czechoslo- 
vakia to aid in the design and con- 
struction of large generating plants 


Nominal Composition and High-Temperature Properties 


VANADIUM 


CuHromiuM | MOLYBDENUM 
“ 1.75 — 
Ferrito-Pearlitic 135 0.35 
1.35 0.35 
1.35 — 
1.30 
1.35 0.50 
1.85 0.42 


| 


TuNGstTeN | CrEEp* | Rupruret 
--- 5,700 8,000 
9,400 16,400 
7,100 12,800 
1.35 8,500 14,200 
1.05 9,200 -— 
0.62 11,400 — 
0.50 4,300 10,000 


«da. 


THE NATION'S LARGEST MANUFACTURER 
OF PACKAGED GAS GENERATOR SYSTEMS 


Performance Plus foor-saving com- 
pactness, trouble-free maintenance and “minute 
man” service. That’s what you get when you 
specify Gas Atmospheres Packaged Gas Genera- 
tion Systems. 

You get full capacity and the dryness and purity 
you specified in quality-built packaged units that 
are set on a common base and completely factory 
tested prior to shipment. And, you can rely on 
the best factory trained service team in the busi- 
ness whenever your operation calls for it. 

It’s this kind of customer service that has made 
Gas Atmospheres Packaged Generators the most 
popular units working today. Gas Atmospheres 
makes a complete line of Packaged Generators 
for inert, CO2, nitrogen, hydrogen, reducing and 
annealing gases. Literature available. Write Gas 
Atmospheres, Inc., 20011 Lake Road, Cleveland, O. 


Circle 2091 on Page 48-B 


*Strength in lb. per sq.in. for 1% elongation in 100,000 hr. at 1050° F. 
tStrength in Ib. per sq.in. for 100,000-hr. life at 1050° F. 


are reviewed in this article. Empha- 

sis was placed on the low-alloy fer- 

ritic steels rather than the austenitics, 

and they have accumulated property 

data on a group of Cr-Mo-V-W - 
alloys. Since these alloys differ 
somewhat in composition from the 
standard grades used in this country, 
some of the high-temperature prop- 
erties are shown in the table. 

In the table all the steels have a 
nominal carbon content around 
0.22%. For the other elements, we 
have merely listed the middle of the 
melting range. The strength values 
are listed as being only tentative de- 
sign values; even so, they should be 
useful for comparing the effects of 
certain compositional changes. 

In general, these alloys have 
higher vanadium and tungsten con- 
tents, and lower molybdenum con- 
tents than the Cr-Mo and Cr-Mo-V 
grades used in this country. The 
effect of the higher chromium 
contents on the high-temperature 
strength is clearly shown by the first 
and the last of these steels, and while 
no rupture ductility data is pre- 
sented, it is expected that the duc- 
tility of these high-chromium grades 
is improved somewhat compared to 
the lower chromium steels. 

D. G. EBELING 


(More digests on p. 192) 


SURFACE PROTECTION 
AGAINST WEAR AND 
CorrosION ° 


Electroplated coatings, anodized 
coatings, case hardening by car- 
burizing, diffusion treatments, 
selective heat treatment, hard fac- 
ing, painting specifications, gal- 
6x9—red cloth— $6.00. Clip and 
send to ASM Technical and Engi- 
neering Book Information Serv- 
ice, Metals Park, Novelty, Ohio. 
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FAST « ACCURATE 


METAL 
PROGRESS 
BULLETIN 
BOARD 


Low Cost Analysis 
HIGH TEMPERATURE 
ALLOYS 


Crobaugh Laboratories uses new X-Ray 
Spectrometer and conventional methods to get 
accuracy from 1 p.p.m. range to 100%. 
COMPLETE METALLURGICAL TESTING SERVICE FOR 


@ Hydrogen, Oxygen, Nitrogen Analysis 


@ Elevated Temperature Tensile and Stress 
Rupture 


®@ Low ond High Temperature Impact 


@ K-Ray, Gammo-Roy Radiography "al f=) 

Write for Complete Facilities Brochure 
THE FRANK L. CROBAUGH Se. 
Member + American Council of Independent Lab ies 


3800 Perkins Ave. + Cleveland 14,0. + UT 1-7320 
LIST NO. 210 ON INFO-COUPON PAGE 190 


CUT YOUR COSTS OF PRODUCTION with 
FLAME HARDENING 


| CONSULT OUR ENGINEERS 
Let us help you—from 


Flame Hardening 
does not require | 


EPOXY 
GUIDE 


Interested in modernizing your pro- 
duction? Get this handy reference 
guide on epoxy adhesives, coatings, 
sealants, and plastic alloys... with- 
out cost or obligation. 

Just write us on your company 
letterhead and ask for a complimen- 
tary copy of Resiweld Book #2. 


RESIWELD 


H. B. Fuller Co. 
te ST. PAUL , MINN. 


LIST NO. 244 ON INFO-COUPON PAGE 190 


furnaces 


| 
“We flame harden all sizes shapes | 


—one pound to 80,000 pounds 
We can flame harden anything 


that can be shipped over the 
highway or on a freight car 


hardening co. 


| Write for either 
| or both of these oe 
| beautifully i= 
| illustrated = 
| catalogs “Flame 
| Hardened Rolls” or 

“Flame Hardened 

Machine Ways,” 

each includes 

charts and 

valuable data. 


17644 Mt. Elliott Ave. - Detroit 12, Mich.» TWinbrook 1-2936 
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Aluminum Soldering Flux 
Now ...Solder Aluminum 
with ordinary soft solders 
® Use 60-40, 50- 
50, 40-60, 95-5 
solders 
® No new solder- 
ing techniques 
ALUMINUM 
elf-cleaning 
A major break- FLUX 
through in alu- . 
minum fabrication. 
Use ordinary soft 
solders . . . ordinary irons or torches. 
Remarkable fluxing action achieves perfect 
bond of aluminum and solder making pos- 
sible the fabrication of aluminum to alu- 
minum, copper, steel, stainless steel, gal- 
vanized iron, brass, etc. 
Write for sample, or 
engineering help on 
any filuxing problem. 


LAKE Chemical Co. 
3079 W. Carroll Ave., 
Chicago 12, Ill. 


Silver Solder Flux 


Greater speed and economy 


for all silver soldering! 
© Packed in tins — 
© Will not harden 
Non-ccid... 
Self-cleaning 


For all silver sol- 

dering in 1125° to soupel 
1700° F. heat range. 

Dissolves all refrac- FLUX 
tory and non-refrac- 
tory oxides . 
solder penetrates 
completely into all areas, for maximum 
strength without solder waste. Completely 
acid-free—will not pit or stain metals. Al- 
| paste form . . . will not harden 
or crystallize. 


— 


Write for sample, or 
cay prebions. 
LAKE Chemical Co. 


3079 W. Carroll Ave., 


Chicago 12, Ill. 


Stainless Steel & Chrome 
Soldering Flux 


Safer... Surer... Cleaner 


@ Doesn't stain 
@ Non-acid 
Self-cleaning 


For soldering all 

stainless steel and 

chrome, includin 

300-400 Series, wit 

ordina soft sol- 

ders. Requires no 

pre-cleaning. Acid- 

free formulation will not pit metals, leaves 
no stains. No buckling on even light gauge 
work. In liquid or paste form. 


Write for sample, or 
engineering help on 
any fluxing problem. 
LAKE Chemical Co. 


3079 W. Carroll Ave., 


LIST NO. 202 ON INFO-COUPON PAGE 190 
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instantly with the 
SHAWMETER 


For flowing, moving or 
stationary objects 


P.O. Box M-46, Latrobe, Pennsylvania 
LIST NO. 205 ON INFO-COUPON PAGE 190 


You can read temperatures 


- 


direct-reading 
two-color pyrometer 


SHAW INSTRUMENT CORPORATION 


Metal Seals Nuclear and Electronic Instrumentation 


Send for new 
bulletin that 
ives detailed in- 
Oormation on 
this unique in- 
strument. 


Test for Hand Perspiration to 
Eliminate rejects due to 
corrosion problems. 


“Eliminate chance” in hiring and assignment 
of personnel to jobs. Save by reducing rejects 
— rework. Instant reading — highly accurate 
and foolproof. « Literature 
AMERESCO, INC. 


5 Center Avenue, Little Falls, N. J. 
LIST NO. 245 ON INFO-COUPON PAGE 190 


Multi-Purpose 
Fatigue Testing Machines 
for Research and Production 


push-pull, bending, torsion tests, on hard and soft 

materials, Infinitely variable speed—extremely large 

stroke—additional low speed drive. 

Built-in controls maintain constant static and dynamic 

load. 

Model PV— Vertical, 0.6—20 tons load, 5/16” to 5/8” 
stroke (45) 600—8000 cPM 

Model PB— Horizontal. 3—100 tons load, 1” to 2” stroke 
(30) 280—4500 cPM 


‘ahi 


ital tests 
Write for information. 


COSA CORPORATION 


405 Lexington Avenue, New York 17, N. Y. 
LIST NO, 246 ON INFO-COUPON PAGE 190 


Acc for 


F IND CRACKS 


“SPRAY-ON" 
Dye Penetrant 
inspection 


SPOTCHECK finds cracks, 
porosity, and leaks you can’t see (any defect open 
to the surface). SPOTCHECK — marks them with 
a brilliant red warning. Users report speedy, money- 
saving results. SPOTCHECK is used to inspect 
metals, carbides, ceramics, plastics, etc. Multi-use 
SPOTCHECK can simplify your maintenance and 
in-progress inspections. SPOTCHECK’S complete 
SK-3 kit is portable; no other equipment needed! 


Spotcheck otters 


@ NEW! NONFLAMMABLE 

@ PUSH-BUTTON EASE 

@ FLEXIBILITY . . . Use on tools, parts, 
machinery, etc. 

@ LOWEST COST Dye Penetrant ma- 
terials — presssure canned or bulk. 

Why use higher priced substitutes? 


COMPLETE 0 3 KIT ONLY 
U.S.A. only 


362 Plus $1 for pack- 


ing and shipping 
CALL YOUR DISTRIBUTOR or Mail 
Check or P. 0. with Coupon Today! 
MAGNAFLUX CORPORATION 
7328 W. Ainslie Ave., Chicago 31, Illinois 
O Please send___SK-3 kits @ $36.00 each 
plus $1.00 each packing and shipping. 
O Send FREE bulletin only. low 
SPOTCHECK material prices. 
Nome. 
Cc 


Title 


Zone. State 
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HARDNESS TESTERS 


for ROCKWELL 


OPTO- METRIC TOOLS, Inc. 


137me VARICK STREET, NEW YORK 13, 


LIST NO, 162 ON INFO-COUPON PAGE 190 


SUB 


@ shrink fits 
@ seasoning 
gauges 
@ precision 
tools 
@ laboratory 
testing 


-ZERO 


low temperature equipment 


1.5 and 6.5 cu. ft. capacities. 
Sturdy, all-steel cabinet con- 
struction. Sublids for constant 
inside temperature. Adjust- 
able temperature controls. 
Special accessories available. 


For more information— 
Write to: 


Deerfield, Michigan 
Specialists in Trend-Setting Refrigeration 


LIST NO, 200 ON INFO-COUPON PAGE 190 


revolutionary * low cost 


© permits direct, accurate 
readings corresponding 
to Vickers within a few 
Seconds 


e ideally suited for on- 
the-job production work 


e@eliminates a micro- 
scope, conversion charts, 
complicated tables 


efor rapid and accurate 
checking of surface layers, 
thin sheets, flat springs, 
instrument parts, wire 
punches, etc. 


can be obtained in 1 kg 
or 2 kg loads penetrating 
as little as .000079" or 
.00016” respectively 


222 YORK ROAD 
JENKINTOWN 5, PA. 
TUrner 4-8494 


Write, wire or call for full details 


Ll>T NO. 207 ON INFO-COUPON PAGE 190 
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Rockwell-scaled 
HARDNESS TESTER 


REVOLUTIONARY— 
NEW-"ON-THE-JOB" 
Precision Instrument 


Describes National Ultrasonic Corporation's: 


Applications Laboratory service. Your 

parts are cleaned ultrasonically and only 50 
equipment and cost recommendations are condita 
made at no charge. ‘ 
STANDARDLINE medium power cleaners A stee of exac 
for all applications requiring average weight and hardness is 
energy levels. dropped — from an exact 
HEAVYDUTYLINE high power cleaners for 

hecking. table, easy 

@ NUclean® solvents and detergents especially 

formulated for ultrasonic cleaning. ‘ able. In use in many large 

plants and shops. - 
Order yours today at this 


NATIONAL ULTRASONIC Satisfaction guar- 
DETROIT 
HARDNESS TESTER 


17644 Mt. Elliott Ave. 
pat. app. for Detroit 12, Mich. 
LIST NO. 247 ON INFO-COUPON PAGE 190 


ESsex 1-0550 « TWX NK 1030 


DERMITR 


NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


Wilson “Rockwell” 
TWINTESTER 


precision 
physical test specimens in less than 
two minutes. 


and plate metals . . . J 
001 stainless steel foil to soft 42” aluminum, soft plastic 
film 1 mil in thickness or the abrasive glass laminates 
in .500” plate, are hined with sp fig 
tions accurate to + .0005”. Machined edges are com- 
pletely free of cold working or heat distortion and 
require no hand finishing. 
@ TENSILKUT table and floor models are available with 
motors from 4 to 242 h.p. Write for free brochure. 


SIEBURG INDUSTRIES 
Danbury Industrial Park, Danbury, Connecticut 


LIST NO. 131 ON INFO-COUPON PAGE 190 
“Rockwell” Superficial hardness 
KENTRON on B, C, N, T and other scales 
This portable instrument for both lab- Easy to operate—change from 
oratory and production use, gives fast, “Rockwell” to “Rockwell” super- 
accurate and direct readings of virtu- ficial testing in seconds 
ally any coating on any base, including: e Large direct-reading dial with 
one zero set position for all scales 
e Complete equipment includes 
cowl, ball penetrator for B and 
T scale, ‘“‘Rockwell’’ test blocks, 
anvils, dust cover, and protective 
sleeve set 
e Complete line of accessories 
available 


Wrlle to Dept. DU. Ask for Bulletin TT-59 


WILSON “ROCKWELL” 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


@ instantly measures the thickness 
of metallic and non-metallic coat- 
ings and films 

e@ Based on eddy-current principles 

@ Enables measurements on small or 
otherwise inaccessible areas 


e Measures both “‘Rockwell” and 


.@ Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

@ Non-metallic coatings (such as 
paint, anodizing, hard-coat,ceramic) 
on metal base 

@ Metal films (such as vacuum met- 
alizing) on non-metallic base (plas- 
tics, ceramics) 

Write for latest bulletins and ques- 


tionnaire to help solve your thickness 
testing problems 


Applies 1 to 10,000 gram loads 
Write for Bulletin 
Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 
LIST NO. 53 ON INFO-COUPON PAGE 190 
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UNIT PROCESS 
ASSEMBLIES, INC. 


LIST NO. 1397 ON INFO-COUPON PAGE 190 


HARDNESS TESTERS 


Wilson Mechanical co 
Instrument Division 


American Chain & Cable 


Company, Inc. 
230-F Park Avenue, New York 17, N.Y. = 
LIST NO. 209 ON INFO-COUPON PAGE 190 
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@ Now with TENSILKUT, whatever 
your testing methods or materials, you 
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MULTI MOTION DIES*.... 


FOR COMPACTING POWDERED 
MATERIAL TEST SPECIMENS .... 


BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 


Never in 
ACCURACY ND 
CONSTANCY of 

bration . . . at the ‘ 
standard 3000kg test Pus 
load Maximum 
error plus or minus f 

2/2 kg 


Write for Bulletin 
No. A-18 


with 


MAGNETIC ANALYSIS... 


GRIES INDUSTRIES. INC. 
Testing. Machines Division} 
NEW ROCHELLE 3.N.Yi 


LIST NO. 135 ON INFO-COUPON PAGE 190 


MULTI-METHOD EQUIPMENT 


Electronic equipment for non-destructive 
production inspection of steel bars, wire 
rod, and tubing. Detects mechanical faults 
and variations in composition and physical 
properties. Average inspection speed — 120 
ft. per minute. 


Tensile Bars 
Transverse Bars 
Green Strength 
Bushings 

Slugs 

Stepped Parts 


Complete design 
facilities for dies 
or subpress units 
to press unusual 
shapes in lab 


DOL-! 
— TEST BAR presses. 


10-50 *PATENTED 


HALLER, INCORPORATED 


16580 Northville Rd., Northville, Mich. 


Now find cracks, 
leaks, defects 
guickly, easily! 


LYGLO 


Portable 


BLACK LIGHT 


Easy to Use ¢ in the shop 


¢ in the field 


FLUORESCENT PENETRANT INSPECTION 


“IDEAL FOR” 


© Low-volume pro- 
duction testing 


Maintenance and 
tool inspection 


© Reliable leak test 
—welded tanks 


FIRE SAFE 

New, improved 
high flash-point 
materials. Pack- 
ed in push-but- 
-ton spray cans. 


100 BLACK LIGHT 


F.0.B. Chicago 


MULTI & SINGLE FREQUENCY 
EQUIPMENT 


Eddy current equipment for non-destructive 
testing of non-magnetic metal tubing, bars, 
wire, %” to 3” dia. at test speeds from 200 
to 600 fpm. Multi-frequency unit offers 6 
simultaneous inspection methods to indicate 
surface and subsurface flaws, or variations 
in mechanical, physical, and metallurgical 
properties. The single frequency unit offers 
one inspection method to indicate flaws only. 


LIST NO. 149 ON INFO-COUPON PAGE 190 


WIRE ROPE EQUIPMENT 


Electronic equipment for inspecting ferro- 
magnetic wire ropes from 1/32” to 3” 
diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 
several hundred feet per minute. 


COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 
of both ferrous and non-ferrous materials 
and parts for variation in composition, 
structure and thickness of sheet and 


plating. 


JUST PRESS 


TESTE R\ 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
@ NO CONVERSIONS OR CALCULATIONS 

@ TEST ANY SIZE, SHAPE OR TYPE METAL 

@ NO SKILL REQUIRED 

@ SCALE READINGS IN ROCKWELL & BRINELL 

@ ACCURACY 

Many thousands u and 

Write, wire or call for 
NEWAGE INDUSTRIES, INC. 


222 York Road Pennsylvania 
TUrner 48494 Dept. MP 


LIST NO. 163 ON INFO-COUPON PAGE 190 


DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi- 
Method Equipment, inspection and demag- 
netizing can be done in a single operation. 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


MAGNAFLUX CORPORATION 
7328 West Ainslie Avenue 
Chicago 31, Illinois 

LIST NO. 248 ON INFO-COUPON PAGE 190 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 


“2-46 St, Islnd City 


LIST NO. 133 ON INFO-COUPON PAGE 190 
LIST NO. 51 ON INFO-COUPON PAGE 190 
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The Srangen 

Cleanliness Texter 
ine few 
sé Guantita 


prec 


tive @etermin 


avon of clean 
‘Vines on scale of 10008. 
easure cleanness of pickled oF 
strip anc bar stock; 
te cleaning materials 
determone 
tleamatility of varreus 
i ‘materials ond readiness 
‘Yor further work. $495., 
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DO YOU KNOW... 
HOW 
CLEAN 
1S 
CLEAN? 


BRANSON ULTRASONIC CORPORATION 
6 Brown House Rd., Stamford, Conn, 


QUEOUS SYSTEM 


Eliminates RUST 
& 


Fire Hazards 
Non-Flammable 
Non-Toxic 


Send for Brochure: 
The ABC of Rust-Lick 
for Rust Prevention 


RUST-LICK, INCORPORATED 
755 BOYLSTON STREET 
BOSTON 16, MASS 


LIST NO. 105 ON INFO-COUPON PAGE 190 


RUST: 


modular 
power spray 
washers 


maximum PERFORMANCE 


MAXIMUM 
ECONOMY 


Proof? In this Ramco 
Bulletin . . . shows how 
you can create the right 
system for today's... 
and tomorrow's needs. 
Send for your copy 
ot Ask for Bulletin 


Ramco 


EQUIPMENT CORP. 


DIV. OF RANDALL MFG. CO., INC. 
809 Edgewater Rd. New York 39, N.Y. 
LIST NO. 128 ON INFO-COUPON PAGE 190 


of 
TECHNIC 


Reichert 


MEFLAB 


metallograph 


_ VISUAL OBSERVATION 
PHOTOMICROGRAPHY 
PROJECTION 


Optical System. 


WILLIAM J. 
Box 646, 


METAL PROGRESS 
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Nearly a Century of research produced this Brilliant 


For further particulars or a demonstration contact 


HACKER & CO., INC. 
West Caldwell, N. J. 


Another 
PRODUCT 


RESIST 


Acid Brigh 
GOLD 


HEAT RESISTAN 
..5 Hours 400°c 


TEMPERATURE 
65°f 


HARDNESS ... 150+ Knoop 
Mirror Brightness 
One addition agen 
Barrel or Tank 


Write, Wire, Phone or TWX 
for complete information. 


Technic. 


PRODUCTS OF RESEARCH 


North Clork Street 


LIST NO, 124 ON INFO- owen PAGE 190 
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Resear 
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RAMCO § 
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: VAS 5 


PRINT-TO-PRODUCT SERVICE 


How many 

of these steps 

does your 

product need ? 

If you can use skills and / 


] lik 
these, write for informs FORGINGS BY 
d tion to Forge & Fittings 


Division, H. K. Porter Company, Ine., 
rcessing Cleveland 4, Ohio FORGE & FITTINGS DIVISION 
the pr 


t. 
cvailable on request. FROM A SINGLE SOURCE: H.K. PORTER COMPANY. INC. 


FORGINGS . . . Hammer, Press, Upset PORTER SERVES INDUSTRY with steel, rubber and friction 


THERMOWELLS MACHINING . . . Broaching, Milling, Turning, Drill- products, asbestos textiles, _ voltage electrical equip- 


ing, Grin ing ment, electrical wire wiring 
Immune to thermal shock fans, blowers, speciaity alloys, paints, refractories, tools, 


“ne ; . Heat Treating, A 3 - forgings and pipe fittings, roll formings and stampings, 
— minimum lag time "ing. Plating wine rape ond strand. 

three standard designs LIST NO. 232 ON INFO-COUPON PAGE 190 

available from stock. Bul- 
letin 1145. 


EXCHANGERS(g) Wiki Hell i g hit} 


Another exclusive de- 


velopment for inexpen- 
sive low volume heat- 
ing or cooling. Heat 


is RODS dis. 1963 
single piece of impervi- your A 4 
ous graphite, without comprehensive 
joints. Bulletin 1205. independent 
f ” ” 
CRUCIBLES — PLATE & SHEET .092" to thick 
Made of *pure” ROUND, SQUARE ND 
raphite withoutcla ALLOYS FLAT A 
ee filler (NOT AZI0 HALF-ROUND WIRE FOR MASS 
IMPERMEABLE). PRODUCTION OF SMALL PARTS 
O.D. Bulletin 1020. Other Non-ferrous Alloys 
Rounded or square edges 


PLATE HEATERS(q) Available with hot-tinned 
Four styles, virtually unlimited range finish for solderebiiity. 


= Write for d iptive folder. 
leas steel) immune to thermal shock. | ROLLING & STAMPING CORP. LITTLE FALLS ALLOYS 
Bulletin 753. INCORPORATED 


82 Moultrie Street, wry 22, N.Y. 
Factories: “Brooklyn, N N.Y - Warsaw, Ind. 193 Caldwell Ave., Paterson 1, N. J. 


@ CROSS-BORE EXCHANGERS Los Angeles Warehouse: 6601 Telegraph Rd. 


An exclusive development utilizing a LIST NO. 252 ON INFO-COUPON PAGE 190 
“one-piece”, heavy duty, heat transfer 
cylinder. Furnished to 240 sq. feet of 
transfer surface. Larger capacities on 
order. Bulletin 660. 


BAYONET HEATERS GD) 


Four sizes for heating or cooling lim- 
ited quantities of gases or liquids. 
Bulletin 753-2. 


OTHER ay : No matter what type of heat / 
. . treating furnace you have 


««« complex or simple... 

EQUIPMENT : a Wiretex-made fixture will 

AT handle it easier, better and 
NO. 3 ot less cost. 

Cubical Exchangers} 182 | Centrifugal Pumps Fixtures * Retorts Baskets 

Tube & Shell Control Valves iw é Pots * Trays * Boxes * Grids 

Exchangers 448 | Process Valves ss Screens * Muffles Efe. 

Modular Exchangers 279 | Pipe & Fittings " ~ «Any form, size, weight, 

Cascade Coolers | 537 | Rupture Disks 3 strength, mesh, alloy or 

Towers quantity. 
oi Cost Conscious? Call Wiretex. Ask 


FALLS INDUSTRIES, INC. 


31912 Aurora Road * Solon, Ohio in 


mfg. 5, Conn. 


LIST NO. 249 ON INFO-COUPON PAGE 190 LIST NO. 114 ON INFO-COUPON PAGE 190 
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A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 


maximum 


STAINLESS STEEL PART for milk 


This die was ready for 
the customer 18 days 


after it was ordered 


We can save you weeks when you 
need a new extrusion. 


The die for the part shown above 
was producing vital parts for a 
leading industrial and appliance 
manufacturer 18 days after we re- 


BATCH 
FURNACES 


CONTROLLED 
ATMOSPHERE 
EQUIPMENT 
FOR EVERY 
APPLICATION 


STANDARD 
HEARTH SIZES 


ceived the order. It saved this cus- 
tomer time. It saved this customer 
money over machining stich a part. 


| 

| 

| 

We have complete and modern - 
facilities for fa ricating and anod- 

izing. We are a skilled producer t 

of precision aluminum mouldings. I 

| 

| 

4 

| 

L 


20” Wide—30” Long 
24” Wide—36” Long 
30” Wide—48” Long 


bottling unit formerly machined 
from solid stock. 
Only finish oper- 

ations required 

are reaming small 
dia. of counter- #4 
bored hole and mas] 
drilling and tap- 

ping for set screw. 

ENGINEERED 
iN 
PRECISION CAST 


Chances are we can help you, too. 
Why not write us today. 


Aluminum Extruders + Anodizers + Artrim Mouldings 


SSUPERIORUINDUSTRIESL INES 
3786 Oakwood Ave., Youngstown, Ohio 


IST NO. 230 ON INFO-COUPON PAGE 190 
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“C-R" COATINGS 


MARKAL “C-R” COATINGS will protect a 
wide range of metals at temperatures up to 
2100° F. against carburizing, corrosion, scaling 
and the like. Coatings are easily applied, easily 
removed after treating. 

WRITE ON LETTERHEAD FOR complete 

Coating information. 


MARKAL COMPANY 3118 West Carroll Avenue ¢ Chicago 12, Illinois 


LIST NO. 212 ON INFO-COUPON PAGE 190 


Mark any parts while cold, 
identify them after heat treating 
regardless of temperatures and oil 
or water Use “M” u 

to 1600° F., “‘M-10” up to 2400° F. 


WRITE ON LETTERHEAD FOR complete 
Paintstik information. 


MARKAL COMPANY 
3118 West Carroll Ave. Chicago 12, Ill. 


LIST NO. 217 ON INFO-COUPON PAGE /90 
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parts STOP CARBURIZING, DECARBURIZING, 


The Best 


HEAT RESISTING ALLOYS 
Ready When You Need Them 


Please Send for Stock List and Literature 


and Cornosion Resistant ley Specialsia 


5309 Concord Avenue e@ Detroit 11, Michigan 
Phone WAlnut 1-4462 


LIST NO, 234 ON INFO-COUPON PAGE 190 


330 William Street @ South River, New Jersey 
Phone Clifford 4-4616 


MARTINDALE 
ROTARY BURS 


d 


Solve toughest metal-cutting jobs. Martindale Carbide 
Rotary Burs and Files cut the toughest metals an 
abrasive materials. Precision ground from solid car- 
bide, in wide selection of shapes and sizes 3/32 to 1 
in. diameter. Available in identical shapes, sizes in 
high-speed steel. 

Send for NEW CATALOG including hundreds of 

cout coving items for maintenance, safety, pro- 

uction, 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue Cleveland 7, Ohio 


LIST NO. 216 ON INFO-COUPON PAGE 190 


there’s a 


IMMERSION 
HEATER 
ger 
Your Every 
Heating Requirement 
INSTANT HEATING 
SHOCK-PROOF 


@ AVAILABLE IN ALL VOLTAGES 
—WATTAGES, 
ONE AND THREE PHASE 


Available from your b 
Electroplating Distributor, 


WRITE FOR BULLETIN > 


Gle-QuaRtz 


ELECTRIC HEATER CO., INC., Willoughby, Ohio 
*Reg. U.S. Pat. Off Phone: Willoughby 2-5521 


LIST NO. 145 ON INFO-COUPON PAGE 190 


ALUMINUM EXTRUSIONS 


G.E.I. 


HELP KEEP 


uty 
E.I. 
GENERAL EXTRUSIONS, INC. 
4040 Loke Park Road © Youngstown, Ohio 
Sales Offices at St. Louis, Pittsburgh, Chattanoogs and Cleveland 
Consult your Classified Phone Book Under Aluminum Products 
LIST NO. 141 ON INFO-COUPON PAGE 190 


UNIFORM HEAT 


throughout the work space 


30 STANDARD 
CABINET 
MODELS 


Model HB Electric or 
Gas Cabinet Oven 


@ Work space from 4.6 to 72.3 cu. ft. 

@ Temp. ranges from 100 to 1250° F. 

@ Electronic combustion devices for gas models 

@ Indicating control instrument 

@ Factory tested 
Other ovens from $121.50 up; laboratory, bench, 
walk-in and custom built models. 

Write for details 


Specialists in Heat Process Equipment 


GRIEVE -HENDRY CO. Ine 
1339 N. Elston Ave. Chicago 22, It. 


LIST NO. 27 ON INFO-COUPON PAGE 190 


COR-WAL RETORT 


LIST NO. 12 ON INFO-COUPON PAGE 190 


from the most 


comple 


fe line 


Through serving commercial heat treaters and heat treating departments 
all over the U.S. for many years Stanwood has developed the most complete 
line of heat treating equipment. We can make fast delivery with maximum 
economy. If you require a special container, fixture or furnace part for 
which we do not have patterns our engineers can quickly develop and 
submit a design to meet your requirements. Send for catalog. 

Sales Representatives in Principal Cities. 


STANWOOO. FIXTUR 


STANWOOD CORPORATIO 
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ICE CREAM 
> COLD 
c 
: 
@ It's cold inside Universal Cabinet's 
: Model GT-23. Separating this frigid atmos- 
jf sx. phere from the warm temperatures outside is ; 
a fog-free glass . . . framed in anodized alumi- : 
tt num extrusions by G.E.I. The G.E.I. sections | 
: te slide freely and add beauty to the cabinet. 
This is another example of a leading 
: manufacturer solving his requirements for 
j 
| 
| | — 
| 
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the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 

Quenching Oils with 

QUENZINE added. 

Por information on 

this new additive and 

other Beacon Brand 

Heat Treating Com- 

pounds write to... 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th St., Cleveland 11, Ohie 


LIST NO. 100 ON INFO-COUPON PAGE 190 


Need Help Designing That Aluminum Extrusion? 


TEAM UP 
with JARL 


THERE'S A 
WORLD OF 
DIFFERENCE 


| 


‘The difference starts the moment you meet 
the Jarl salesman. He's an engineer . . . 
well qualified to make on-the-spot rec- 
ommendations in designs. Team up with 
Jarl and you'll get the right shapes made 
to most exacting design specifications. 
You'll be sure of close die control . . . 
quality safeguards every step . . . on-time 
deliveries. Send for our stock die catalog 
or send rough sketches for assistance with 
your design. 


ANODIZING 
JARL EXTRUSIONS, INC. 
Dept. MP, Linden Ave. + East Rochester, N. Y. 
LIST NO. 165 ON INFO-COUPON PAGE 190 


How to Cut 
Pot Costs: 


Buy low-cost Eclipse pressed (not 
welded) steel pots . . . and replace 
them on a regular schedule. 
1 Lower initial cost 
2 Elimination of failures 
3 Faster, more even heating 
4 Quantity discounts earned on 
your total purchases in any 
12 month period. 

Guaranteed free from defects. Write: 
Eclipse Fuel Engineering Company 
Industrial Combustion Division 

1127 Buchanan St., Rockford, lil. 


LIST NO. 176 ON INFO-COUPON PAGE 190 
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WRITE, WIRE or PHONE 
YOUR CATALOG 


= 647 Union Bivd., Paterson2, N. J. 
Telephone: CLifford 6-2300 
Direct N.Y.'phone Wisconsin 7-6310 
A Direct Phila. ‘phone WAlnut 5-3660 
LIST NO. 99 ON INFO-COUPON PAGE 190 


GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 


SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 
In Canada—Hamilton, Ontario 
LIST NO. 74 ON INFO-COUPON PAGE 190 


FOR SALE 


HOLCROFT GAS FIRED RADIANT 
TUBE BRIGHT HARDENING FURNACE 
with 36” wide cast link belt, 15’ long 
effective heating, and conveyorized 
quench. 


HOLCROFT RECIRCULATING DRAW 
FURNACE, gas fired, 1250° F, 36” wide, 
20’ long. 

ALSO OTHER FURNACES AVAILABLE 


PAPESCH & KOLSTAD, INC. 


10706 CAPITAL AVENUE 
OAK PARK 37, MICHIGAN 
P.O. Box 3726 Phone, Lincoin 7-6400 


LIST NO, 221 ON INFO-COUPON PAGE 190 


SORGEL 


Saturable Reactors 


Saturable Reactor 
with tap changing transformer 


Regulate and control 
electric ovens 
and furnaces 

more accurately 
and efficiently 


Any amount of A.C. power from 1 Kva 
to 3000 Kva, single phase or 3-phase, at 
any voltage, can be controlled, regulated, 
varied in stepless increments, with 
SORGEL Saturable Reactors. 
The control can be a small manually oper- 
ated hand wheel that can be placed in any 
desired location, or it can be automatically 
controlled, regulated and varied by a 
thermostat or any other instrument or 
device. 
SORGEL reactors are designed to meet 
your exact requirements. Let us know 
what your problems and requirements are, 
and we will submit our recommendations 
with complete information. 


Write for Bulletin 658. 


Also a complete line of 
dry-type transformers. 
All standard and intermediate ratings, 


% Kva to 10,000 Kva, 
120 to 15,000 volts. 


Sales Engineers in principal cities 
Consult the classified section of your tele- 
phone directory, under the heading “Trans- 
formers,” or communicate with our factory. 


Sorgel Electric Company 


834 W. National Ave., Milwaukee 4, Wis. 


Since 1916 devoted to creative engineering 
and manufacturing craftsmanship 


LIST NO. 195 ON INFO-COUPON PAGE 190 
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15 Day FREE Trial 


Guarantees Satisfaction 


THICKN 
MOD 


SS TESTER 
L 955 


Model 955 Gctorainns the thickness 
of decorative and heavy chromium, 
silver, tin, cadmium copper, 
nickel, lead, and other metallic deposits 

on Various base metals. 90 - 95% 

accurate .. . Direct reading... 
simple operation. 


y Outs AV 
32, ILLINOK 


LIST NO. 215 ON INFO-COUPON BELOW 


GOOD USED EQUIPMENT AT 


REAL SAVINGS TO YOU! 


LIKE-NEW SELAS ROTARY-HEARTH 
HIGH-TEMPERATURE GRADIATION 
FURNACE! 


Gas fired for 2400° F. Complete. 
Also: 
Globar box furnaces, 12 in. wide by 18 in. long 
by 8 in. high 
Tempering box furnaces, 43 in. wide by 42 in. 
long by 30 in. high 
Carbonitriding furnaces, 24 in. wide by 36 in. 
long by 18 in. high 
bell furnaces, 59 in. in diameter by 
ig 


hearth, 24 in. wide by 20 ft. long 
by II in. high 

Annealing roller hearth, 49 in. wide by 34 ft. 
long by 12 in. high 


Sacrifice before moving! 
Vacuum annealing furnace, 3 ft. diam. by 7 ft. 


25-in. diam. Gleason quench press 
Conveyorized infrared oven and paint spray 


Wire or call for our complete list of used heat 
treating and plating equipment. 


9825 GREELEY ROAD 
DETROIT 11, MICHIGAN 


LIST NO. 142 ON INFO-COUPON BELOW 
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READERS’ INFO-COUPON SERVICE, METAL PROGRESS 


Metals Park, Novelty, Ohio 


Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 


| 
(Please check) 
Send Catalog Send Nearest 
or Engineer- Price Source of 
ing Data Info Supply 
(Bulletin Board Item Number) 
CJ CJ 
CJ CJ [J 
4 
Your Name Title I 
Company........... 
City Zone State 


re 
= 


JOWNUAW HIVE 


The features listed below are but a 
few of the in-built advantages of the 
2055 SERIES. 
Eliminat, spheric probl 
(oxidation, scaling and 
decarburization) 
* Rapid constant heat 
* Choice of 10 models ¥ 
* Heat ranges to 1,700° F. 
* All controls included 
(automatic indicating controller, 
selector switch with two thermocouples) 
* Quick easy installation 
* Low initial cost .. . low upkeep 
* Top production performance 
with unskilled labor 
* Minimum replacement down-time 
Lucifer Furnaces, Inc., manufactures 


ow many standard electric heat 
treating furnaces and maintains 
< a design department to create 
special units. For engineering 
= assistance, parts or product 
information write or call. . . 
LUCIFER FURNACES, INC. 
co Neshaminy 7, Pennsylvania 
Diamond 3-0411 

FURNACES 
LIST NO. 122 ON INFO-COUPON BELOW 


SHAPES 


|e 4 your assembly problems and costs. 

Our shapes continuously formed, with high 
degree of accuracy, from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


ROLL FORMED PRODUCTS CO. 


ANG PLANT 


3761 OAKWOOD AVE. * YOUNGSTOWN, OHIO 
LIST NO. 101 ON INFO-COUPON TO THE LEFT 
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; 22 Hearth diameter, 7 ft. 4 
A _— Door opening, 8 in. wide by 22 in. high ee. 
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100% inspection of MegopaK thermocouples insures strict adherence to factory standards. Manufacturing area is clean, dry, air-conditioned. 


Get real economy in mineral-insulated thermocouples 
... Specify quality-controlled MegopaK 


Careful quality control often spells the difference of consistent quality and real economy. 

between real economy and just another bargain. In For more information on quality-controlled 
small-diameter, mineral-insulated thermocouples, MegopaKk, write for Catalog and Price List G100-4 
where the art of production is as critical as the ... or call your nearest Honeywell field engineer. 


science, strict quality control is your only assurance 
Honeywell 
& THE FUTURE H| Control 


YEA RHR SINCE 1665 


Insulators are stored in paraffin-sealed boxes, Single-pass swaging of carefully-sized wire- Continuous hydrogen-annealing not only 
then baked to remove last trace of moisture. insulator-sheath assembly produces no distor- produces a ductile, brightly finished product, 
Assemblers wear gloves to prevent contam- tion in wire, insures greater accuracy and but also identifies improperly compacted 
ination of thermocouples. longer life. material which is rejected during inspection. 
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Scaling of Mild Steel 


Digest of “Scale on Mild Steel 
i arious Stages of Rolling 
Wire Rod”, by K. Sachs and 
G. T. F. Jay, Journal of the Iron 
and Steel Institute, September 
1959, p. 34-44, 


GcALING OF STEEL represents a loss 

of metal and has a direct influ- 
ence on surface defects. In addition, 
the scale must ultimately be re- 
moved, and the type of scale influ- 
ences both pickling and mechanical 
descaling. The kinetics of oxida- 
tion of iron and mild steel and the 
structure of scale formed are reason- 
ably well understood when experi- 
ments are performed under closely 
controlled laboratory conditions. 
Operating plant conditions are much 
more complex and less controlled. 
Scaling under these conditions is of 


great practical interest; it is the 
subject of this investigation. 
Wiistite of two discrete lattice 
parameters was found in all scales. 
FeO (4.29A) is saturated with oxygen 
and presumably predominates at oxi- 
dation temperature. Cooling under 
plant conditions is fast enough to 
suppress eutectoid decomposition of 
wiistite at 570° C. (1060° F.). 
Some transformation occurs, prob- 
ably below 480° C. (900° F.) lead- 
ing to precipitation of FeO (4.33A) 
in amounts which increase with 
slower cooling rates. Isothermal 
transformation below 480° C. (900° 
F.) leads to gradual growth of the 
parameter of all the wiistite. The 
formation of discrete crystals of FeO 
(4.383) in a matrix of FeO (4.29) 
has not been observed previously 
and is attributed to inoculation by 
incipient transformation at 480° C. 


a message to owners of 


MARVEL HACK SAW MACHINES 


If you are the owner of a MARvEL Hack Saw Machine, check the name on the blades being 
used in it. If they are not MarveL Blades, the chances are very good that you are not get- 
ting all the cutting-off speed, accuracy, and economy you paid for when you bought a 
MarveL Saw. Consider this fact. The hack saw blade is the cutting tool that actually 
does the cutting job. If the machine is expected to deliver its full efficiency, the blade must 
Isn't it logical, then, 
that the blades you use be as carefully selected as the machine itself? Here is another fact: 
The Marvet High-Speed-Edge Hack Saw Blade was designed specifically to withstand 
the heavy feed pressures and high cutting speeds your Marvet Hack Saw can deliver. 

Only Marve UNBREAKABLE Hack Saw Blades can be safely tensioned taut enough 


possess a ruggedness comparable to that of the machine. 


to provide the maximum rigidity of the cutting tool necessary for accurate cutting-off; and at 
the same time, protect both the operator from 
injury and the machine from damage that so 
frequently occurs with “breakable” blades. 


Why not be certain your MARVEL saw is delivering the high performance 
you had originally purchased, by using the only blade capable of utiliz- 
ing the power and accuracy built into the machine? MARVEL Hack Saw 
Machines and MARVEL High-Speed-Edge Blades are an unbeatable com- 
bination. MARVEL High-Speed-Edge Hack Saw Blades are stocked and 
sold by leading Industrial Distributors everywhere. 


ry 


ARMSTRONG-BSLUM MFG. CO. 


8700 Bi ing Chicago, Illinois 
Circle 2137 on Page 48-B 
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(900° F.) during continuous cool- 
ing. The predominance of FeO 
(4.29) in “as-grown” scale is evi- 
dence of separation of the scale from 
the substrate during oxidation. 

The thickness and structure of the 
scale sensitively reflect the cooling 
rate of mill products. Most of the 
furnace scale is lost in processing, 
and the bulk of the scale on a fin- 
ished rod forms during cooling of 
the coil after reeling. Any residual 
furnace scale is undermined by this 
oxidation. Equilibrium between 
residual furnace scale and fresh 
oxide is reached rapidly with the 
scale-metal interface substantially 
that produced by inward growth of 
oxide during cooling. The effect of 
surface defects produced by rolling 
and the effect of oxide deeply rolled 
into the surface both require further 
investigation. 

Scale adhesion during plastic de- 
formation of the metal depends on 
scale thickness and density of sites 
of firm bonding between oxide and 
metal. Spalling occurs by shear at 
the interface and transverse cracking 
of the scale. Thicker scales have 
greater transverse strength and 
larger spalled flakes of scale. Larger 
flakes also imply greater effective 
shear displacement at the bonding 
sites. The nature and distribution 
of these sites is speculative, but may 
depend on the prevalence of defects 
where scale has been rolled into the 
metal surface. Slow cooling at the 
higher temperatures produces a 
thicker scale. It may also give an 
opportunity for further oxidation to 
undermine the defects and produce 
a smoother interface as well as aid in 
healing gaps between scale and 
substrate. C. O. 


Vacuum Pump Selection 


Digest of “Selection of Pump- 
ing Systems for Vacuum Met- 
allurgical Processes”, by A. S. D. 
Barrett and M. E. Harper, Jour- 
nal of the Institute of Metals, 
Vol. 87, 1958-59, p. 227-234. 


[HS PAPER is a survey of require- 

ments of available vacuum sys- 
tems in relation to performance and 
economic factors. The most widely 
used systems for vacuum metal- 
lurgical processes employ, singly or 
in combination, pumps of the follow- 
ing types: (a) The oil-sealed rotary 
pump, (b) the Rootes blower, (c) 
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VERTICAL. DRAW 


ANOTHER PACIFIC FIRST! Gliding over two 
draw furnaces, an oil quench tank and an 
atmosphere tank, this big Pacific gantry furnace has 
been in successful operation at Douglas Aircraft 
Company’s Torrance, California plant for over a year. 
Large as it is, operation is virtually automatic 
requiring only one operator. Relatively delicate 
missile bodies are quickly removed from furnace to 
furnace to tank under carefully controlled 
conditions of atmosphere and temperature. Heated 
parts are never exposed to air as pneumatically 
operated sleeves make it possible to join quench 
tanks and draw furnaces to the gantry furnace. 

The installation has been so successful that it will 
be more than doubled in size in the near future 
with the addition of another gantry furnace riding 
on the same track and more draw furnaces 

and quench tanks. 


LARGE OR SMALL, 


STANDARD OR SPECIALLY TAILORED... 
@ Pit type draw furnace 


@ Rated at 400 kw divided into four 
zones of control. 


temperature 
range te 1350°F., rated at 200 kw. 
@ Heated with 80 nickel 20 chrome wire. 
@ Endothermic and exothermic 
atmospheres provided. 
@ Heated parts may be transferred from 
gantry to tanks without exposing to air. 


@ Entire instatiation controlled by one 
operator riding on gantry. 


PHOTO COURTESY DOUGLAS AIRCRAFT COMPANY 


Free! sn 8 PAGE COLOR 


BULLETIN ON PACIFIC BRAZING FURNACES. 
Features complete line from laboratory 
furnaces to complex automatic giants. 
ALSO... BIG 12 PAGE COLOR CATALOG ON 
PACIFIC HEAT TREATING EQUIPMENT. 


Whether your problem is heat treating large 
missile parts as at Douglas, brazing honeycomb, or 
heat treating tiny electronic parts, Pacific can supply 
the one best furnace for your every requirement! 
On each job, Pacific engineers make an intense and 
thorough creative study of the product to be 
heat-treated, and the materials processing and 
handling requirements. This is done to reduce and 
simplify processing methods. Net result proved 

by many installations, is that Pacific Furnaces 
handle materials faster — easier —simpler— more 
practically. This approach to furnace design 


| plus Pacific’s extensive experience in all types and 


sizes of furnaces will give you your one best 
solution to your heat-treating problem. 
Whatever your requirements —a Pacific field 


Standard, modified and specially designed 
furnaces are illustrated and described for 
most every requirement. Write today! 


engineer will be glad to discuss it with you. For full 
information on a modern Pacific Scientific Furnace 
engineered to your needs —call or write today! 


*# TRADE MARK 


GAS ORF ELECTRIC RIAL TREATING EQUIPMENT 


PACIFIC SCIENTIFIC COMPANY, P.O. Box 22019, Les Angeles 22, Calif. 
0 Please send me a copy 4 


Creative Development 
and Manufacturing 
in Furnace Design 


JUNE 1960 Circle 2138 on Page 48-B 


¥ 
For rapid-production heat-treating of large missile components... 
DOUGLAS AIRCRAFT CHOSE DESIGN | AND BUILD THIS 
SIGNIFICANT FU 
instaliation includes gantry furnace, 
draw furnace, oil quench tank, 
oe atmesphere quench tank, and 
‘ loading bay. 
oe @ Working dimensions are 74 in. dia. ' 
by 19 ft. 
@ Gantry turnace temperature range 
te 2000°F. 
| 
x 
custom designed Brazing Catalog. and full informationon 
PORTLANS, OR EGO : 
Company 
193 


Vacuum Pump... 


the vapor diffusion pump, and 
(d) the vapor booster pump. 

Although primary considerations 
for the selection of a pumping sys- 
tem are dictated by each particular 
application, they may be generally 
specified as follows: 

1. Pressure range to be covered — 
The pressure range for vacuum 
metallurgical processes is approxi- 
mately 10 to 10° mm. Hg. For 


the majority of industrial applica- 
tions, the lower limit is 10-* mm. Hg. 
The lowest pressure to which the 
process vessel must be evacuated 
determines the ultimate vacuum 
necessary in the pumping system. 
Two other factors also require con- 
sideration, namely, the highest pres- 
sure permissible during the process, 
and the pressure that must be at- 
tained to bring any reaction to the 
state of completion required. 

2. Gas load — Many vacuum met- 
allurgical processes are accompanied 


BURN about poor temperature control 


Do something! 

Good way to cool down this hot prob- 
lem: Standardize on reliable Bristol 
pyrometer supplies and accessories. 
You’ll have taken a big step toward 
elimination of costly temperature con- 
trol down-time. Remember, even the 
best pyrometer system depends on its 
accessories. 

\Bristol thermocouples, protection 
tubes, radiation-unit accessories, re- 


fractory insulators, mounting fixtures, 
thermocouple extension wire, switches, 
and ink are field-proven for reliability. 
They are the product of 70 years of in- 
strument-building experience and 55 
years in industrial pyrometry. 

Write for complete data on Bristol 
pyrometer accessories today. Sizes and 
types to fit all standard installations. 
The Bristol Company, 155 Bristol Road, 
Waterbury 20, Conn. 0.13 


8B RI STO L ... for Improved production 
through measurement and control 
AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
Circle 2139 on Page 48-B 


by the evolution of large quantities 
of gas. In such instances it is neces- 
sary to consider the volume of gas in 
relation to the throughput curve of 
the vacuum pumping system. (In 
other words, a plot of the product of 
the pressure and pumping speed 
against pressure.) It should be re- 
membered that the most economical 
means of removing a given volume 
of gas is to pump at the highest per- 
missible pressure. 

3. Time cycle —Since the total 
time cycle can be seriously affected 
by the time taken to evacuate the 
process vessel, time is a major 
factor. The predominant part of 
the time factor is usually determined 
by the roughing evacuation require- 
ments. Thus, the capacity and cap- 
ital cost of roughing pumps should 
be considered in relation to the time 
cycle. 

Along with these factors, atten- 
tion must be given to pressure meas- 
urement systems, filtering devices, as 
well as to operating economy. 

Among the more important me- 
chanical pumps is the oil-sealed 
rotary pump. In this pump, a cylin- 
drical rotor rotates eccentrically 
about its longitudinal axis maintain- 
ing an oil seal with a sliding vane 
or stator. Gas is taken in at low 
pressure from the vacuum system, 
is compressed by the rotor to atmos- 
pheric pressure, and passed to the 
atmosphere. Since the oil-sealed 
rotary pump will operate with an 
atmospheric pressure differential, it 
forms the basis of virtually all pump- 
ing systems used in metallurgical 
processing. It is generally used with 
other pumps which are more eco- 
nomical for obtaining high pumping 
speeds below 10 mm. Hg. 

Another important mechanical 
pump is the Rootes blower which 
has long been used in processing in- 
dustries as a large-capacity low- 
pressure pumping unit. This pump 
is designed to run_ unlubricated 
with appreciable clearances between 
the rotary lobes and the stator. In 
the absence of rubbing contacts, the 
Rootes blower is therefore capable 
of operation at very high speeds, 
giving a displacement to size ratio 
much higher than obtainable with 
the oil-sealed rotary pump. How- 
ever, because of the lack of a posi- 
tive mechanical seal such pumps 
are capable of producing only rela- 
tively small pressure differentials, on 
the order of 10 to 50:1. Hence 
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_ readied for test fligh 


j Richt now a and engineers from 
- the National Aeronautics and Space Ad-< 
‘ ministration and McDonnell Aircraft aré- 
working toward the day when the first 
American will ride into space to —_ 
the earth. 
How do beryllium and Brush fit into the 
Project Mercury manned peees flight 
effort? A beryllium heat sink is one of 
two ways being tested to protect the 
precious human payload from re-entry 
heat. Beryllium absorbs tremendous 
f heat, is light, yet maintains strength at 
‘high temperature. And Brush 
~ new techniques to produce the world 
’” largest beryllium forgings for use as heat 
sinks in the tests to determine the final 
design of the manned space capsule. 
Beryllium, offers the solution to many 
‘space age’ application problems. Brush 
will continue to take the lead in produc- 
ing beryllium in new forms by new tech- 
niques for new uses. 
Can this metal, its alloys, its oxide, or 
our expanding experience with Maes 
versatile materials solye-a problem for 
you? Let us try. us. at 
Euelid or 1-5400-in 
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YOUR FINEST SOURCE 
OF METALS INFORMATION 


| MAGNETIC PROPERTIES 
OF METALS AND ALLOYS 


Features 13 papers present- 
ed at a recent ASM semi- 
nar. Topics include mag- 
netic annealing, magneto- 


urements, 

magnetic properties of thin 
films and fine particles. 
The latest concepts in this 
increasingly important 
area. 349 P. 6” x 9”. Illus. 


$11.00 


POWDER METALLURGY IN 
NUCLEAR ENGINEERING 


Describes work sponsored 

| by AEC. Invaluable refer- 
ence for those 
with recent advances and 
those now entering field. 
Covers preparation of pow- 
der metals for reactors; 
powder metallurgy of sir- 
conium, beryllium, urani- 
um; safe handling; new 

| advances and other aspects. 
275 P. 6” x9”. Illus. 
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Vacuum Pump... 


they must be backed with other 
pumps, such as the oil-sealed rotary 
pump. An ideal application of the 
Rootes blower is in the large scale 
degassing of steel where large quan- 
tities of gas are involved and pres- 
sures between 0.5 and 10 mm. Hg 
are satisfactory. 

Of the vapor-type vacuum pumps, 
the vapor diffusion pump is perhaps 
the most important. This pump 
forms the basis of all modern high- 
vacuum work. The operating fluid, 
either a high-boiling-point organic 
compound or mercury, is evaporated 
in a boiler, discharged through jets, 
and continuously condensed. Gas 
molecules from the pump intake are 
entrained by the vapor stream and 
move with it. This pump is capable 
of maintaining a small pressure dif- 
ference generally between 0.2 and 
0.5 mm. Hg. The pressure of the 
system has, of course, to be reduced 
to this order of magnitude, known 
as the critical backing pressure, with 
a mechanical pump before it is capa- 
ble of working. The ultimate vac- 
uum obtainable depends upon the 
vapor pressure of the operating fluid 
at the temperature of the condenser. 
For the lowest pressure, fractionat- 
ing or multistage diffusion pumps 
are used. 

The vapor booster pump is a 
multistage unit consisting essentially 
of a combination of the diffusion 
pump and the conventional vapor 
ejector. This pump was developed 
for industrial vacuum processes to 
combine within one pump the high 
speeds of the vapor diffusion pump 
with the high critical backing pres- 
sures of the conventional vapor ejec- 
tor pump. The booster pump was 
further developed to maintain its 
high pumping speed at far greater 
pressures than those normally asso- 
ciated with diffusion pumps (10° to 
10°' mm. Hg). Thus, an important 
feature of the vapor booster pump 
is that it is quite insensitive to wide 
variations in backing pressure. 
Furthermore, the booster pump is 
able to eject to the mechanical pump 
nearly all vapor contaminants and 
to maintain its high performance at 
low pressures even on “dirty” duties. 
It is this ruggedness that accounts 
for its success in numerous industrial 
vacuum metallurgical applications. 

For a series of pumping combina- 


tions, the product of the intake speed 
and pressure is constant for all 
pumps in combination. Thus if a 
process requires a vapor pump of 
either the booster or the diffusion 
type, having a speed S, pressure P, 
and a critical backing pressure of 
P,, the speed of the rotary must not 
be less than SP/P,. It will be seen, 
therefore, that a high critical back- 
ing pressure is a desirable feature to 
consider when using a vapor pump. 
For parallel pumping combina- 
tions, pumping speeds are additive, 
and it is necessary to isolate the 
pump having the higher  ulti- 
mate vacuum when that vacuum is 
reached. Processes that require a 
low final pressure (10° mm. Hg or 
less), but in which large quantities 
of gas are evolved (between 107 
and 10-5 mm. Hg) during the initial 
part of the cycle, are best handled 
by a parallel combination of a vapor 
diffusion and a vapor booster pump. 
In conclusion, capital and operat- 
ing costs of alternative pumping sys- 
tems may be conveniently compared 
by plotting these costs on the basis 
of cost per unit of pumping speed. 
Pumping systems of comparable 
speeds should be selected when mak- 
ing such comparisons. It is most 
important to understand the neces- 
sity for studying the complete pump- 
ing system for comparative purposes. 
This is particularly true since there 
are definite pressure zones for which 
each system is economically advan- 
tageous. There are now available 
complete pumping systems which 
use various types of pumps in single 
or multiple combinations. The metal- 
lurgist can select with confidence a 
particular system for any given vac- 
uum metallurgical process. Where 
two alternative systems are available 
for a given application, specific con- 
sideration of economic aspects will 
usually decide the correct choice. 
W. W. Austin 


Specifications and the 
Metal Producer 


Digest of “Specifications From 
Metal Producer’s Viewpoint”, 
y G. T. Jones, United States 
Reel Corp., Pittsburgh. 


GENERAL ARTICLE deals with 
requirements and _ production 
methods for large forgings, particu- 
larly those for turbine and generator 
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CAMERON FORGINGS 


IN THE SOLAR 
SATURN: ENGINE 


Solar Aircraft Company’s 1,100 H.P. 
Saturn Industrial Gas Turbine Engine 
weighs about 1,000 pounds—its 
unusually efficient performance is set- 
ting new standards in new applications 
for the up and coming gas turbines. 
Increased reliability and versatility in 
gas turbines required something new 
in forging performance. That’s why 
Solar called on Cameron for all the 
rotating forgings in the Saturn. 


Both pure jet and turbo jet forged 
components from Cameron had 
already hit a new high in forming 
and metallurgical refinement. Proper- 
ties at elevated temperatures consist- 
ently exceeded specifications, often as 
much as 20%. The Cameron forged 
Saturn engine components attest once 
more to the high quality and favor- 
able properties which have become a 
specialty with us. Cameron perfected 
processes have no exact counterpart 
in forging history. Ten years of steady 
success have supplied us with a wealth 
of case histories and technical refine- 
ment. If you design, specify, or pur- 

Circle 2141 on Page 48-B 


chase ferrous forgings for demanding 
service (exotic metals, extreme 
temperature, etc.), in conventional or 
unusual shapes, from a few pounds to 
13,000 pounds in weight—just write, 
call or come by. 


*A Regi d Trad 


k of Solar Aircraft Company 


IRON WORKS, INC. 


SPECIAL PRODUCTS DIVISION 
P.O. Box 1212, Houston 1, Texas 


Specifications . . . 


shafts. Large forgings are produced 
on special orders to specifications 
agreed upon between customers and 
suppliers. Acceptance usually de- 
pends upon meeting certain tensile 
and Charpy values, and these re- 
quirements are becoming more 
stringent. During the past five 
years, for example, the minimum 
acceptable levels for Ni-Mo-V gen- 
erator forgings have risen, as Table 
I shows. These requirements are 
for samples taken in the radial direc- 
tion from forgings heat treated to a 
yield strength of 75,000 psi. 

The tensile properties of the cou- 
pons, taken near the surface or mid- 
radius of the forgings depend on 
cleanliness, soundness and heat treat- 
ment. For the most part, specifica- 
tions for turbine and generator 
forgings cover both preliminary and 
final heat treatments in detail. Better 
control of melting and deoxidation 
practices and lower sulphur contents 
are credited with improving cleanli- 


ness and tensile ductility. Steel for 
large forgings is deoxidized with 
silicon rather than stronger deoxi- 
dizers. The improvements in Charpy 
transition temperatures have been 
achieved by changes in composition, 
heat treating practices and grain size 
control. 

Since about 1954, ultrasonic in- 


properties of samples trepanned 
from the axis of forgings is some- 
times required but has not been 
made a criterion for acceptance. 
Visual inspection of the bored sur- 
face in trepanned shafts is common. 
Any indication of slag, porosity or 
other defects is cause for concern 
because this location is highly 


Table I — Specification Changes in Five Years 


1954 1959 


Elongation 

Reduction of area 

Charpy V-Notch at 70° F. 

Maximum Charpy transition 
temperature 


17 
40 
18 


140° F. 


*Tests for information only. 


spection of all forgings has been cus- 
tomary. This is usually done radially 
from the outside surface so as to 
detect voids, flakes, cracks or large 
inclusions. 

Information about the chemical 
composition, tensile and Charpy 


SELECTIVE PLATING-— 
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without using immersion tanks 
Enables You to (1) Precision-plate selected areas economically 


— without disassembling components; 


Write for Descriptive Brochure. 


SIFCO METACHEMICAL, INC. 
935 East 63 Street * Cleveland 3, Ohio 
A Subsidiary of The Steel Improvement & Forge Co. 
AGENTS 
MARLANE DEVELOPMENT CO.,INC. PIDDINGTON & ASSOCIATES LTD. OHIO METACHEMICAL, INC. D & S AVIATION CO., LTD. 


153 East 26th Street 3219 East Foothill Bivd. 


Wew York 10, WY. 


= 


Pasadeno, California Cuychoge Falls, Ohie Pont Vieu, Mentresl, Quebec 


(2) Deposit metals 
rapidly where conventional electro-plating is impossible or 
difficult. Mobile equipment takes the process to the job. 


2742 Second Street 671 Leurentides Bivd. 


Circle 2142 on Page 48-B 


stressed under service conditions. 

The mechanical properties and 
structural integrity of metal near the 
center of large forgings are influ- 
enced by the amount of hot working. 
Therefore, specifications usually list 
a minimum acceptable forging re- 
duction and some also cover upset 
forging. Such requirements influ- 
ence the choice of ingot dimensions 
and size of the forging press. Be- 
cause of the many variables involved 
there is room for disagreement about 
the need for such restrictions. 

For many years, large forgings 
were made from acid or basic open- 
hearth steel. Then electric furnace 
steels were introduced to simplify 
alloying and to secure lower inclu- 
sion contents. Such steels require 
lengthy heat treatments to avoid 
flaking. 

Currently, many turbine and gen- 
erator specifications call for vac- 
uum-cast, basic electric steel. Vac- 
uum degassing treatments lower the 
hydrogen contents to about 1 ppm. 
and minimize the tendencies for 
flaking and delayed brittle fracture. 
They also permit shorter heating and 
cooling schedules. In addition, vac- 
uum casting prevents oxidation of 
the pouring stream and formation of 
the oxide scum which is believed to 
cause subsurface inclusions in ingots. 
The use of an inert gas atmosphere 
in the mold during pouring of air- 
cast metal has also been used suc- 
cessfully to prevent oxidation of the 
pouring stream. 

F. W. Bou.cer 
(More digests on p. 200) 
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Ipsen vacuum units with fast gas cooling now offer a safe and economical method for bright harden- 
ing and annealing of stainless steels, high-speed steels, tool steels, and high temperature alloys; 
also, sintering and brazing of high temperature alloys! 


Here are typical examples of performance by the VVFC-1014-E furnace pictured above: 


PARTS: Aircraft quality screw fasteners PARTS: Boring bars 
MATERIAL: Type 410 stainless steel MATERIAL: Rex M-2 High-speed steel 


Parts out 


100 


180 


time in minutes 
time in minutes 


Cooling cycle sto: 
7 


|} At heat 1750°F > 


hundreds degrees fahrenheit hundreds degrees fahrenheit 
COMPLETE TIME CYCLE: 1 hour 8 min. COMPLETE TIME CYCLE: 2 hours 10 min. 
RESULTS: Rockwell C 42-43 RESULTS: Rockwell C 64-66 
APPEARANCE: Exceptionally bright APPEARANCE: Exceptionally bright 


A complete line of standard vacuum units is available. Also, vacuum facilities are available in 
which processing, testing, and analysis can be made to recommend the proper equipment for your 
parts. For detailed information contact Ipsen Industries, Inc. 


IPSEN INDUSTRIES, INC. - 723 SOUTH MAIN STREET» ROCKFORD, ILLINOIS 


WHEAT TREATING UNITS 
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Lubrication by Solids 


Digest of “Lubrication of 
Solids”, by J. Gaensheimer. Pa- 
per presented at the Seminar on 
Friction, Lubrication and Wear, 
Lucerne, Switzerland, Sept. 18, 
1959. 


Lusaicanrs are finding in- 

creasing use in solving difficult 
lubrication problems associated with 
high temperature, high vacuum 
nuclear radiation and corrosive en- 
vironments. Such lubricants are 
best known for their use in boundary 
lubrication conditions—in other 
words, where slow speeds and heavy 
loads cause breakdown of liquid 
films and contact between metal 
surface asperities. 

Solids should possess certain nec- 
essary properties to be effective 
lubricants. Low shear strength, a 
tendency to adhere well to bearing 
surfaces, and ability to smear out 
and cover the surface completely are 
all needed. When the lubricant is 
applied to the metal surface, it is 
preferable that the film is elastic and 
strong to prevent penetration by sur- 
face asperities. Also the lubricant 
should possess some mobility so that 
it may replenish or heal areas where 
it is worn away. 

There are a large number of mate- 
rials which possess some or all of the 
above properties. Materials which 
are known from past experience to 
be good solid lubricants are graphite, 
molybdenum disulphide, waxes, 
soaps and phosphate coatings. Other 
materials which appear to hold 
promise include tungsten disulphide, 
barium hydroxide, lead chloride, tef- 
lon, indium, lead, barium, tin, zinc, 
and lead monoxide. Lead monoxide, 
incidentally, has recently found 
limited use in high-temperature 
bearings in the area of 1000° F. 

' Graphite and molybdenum disul- 
phide are the most familiar and com- 
monly used of all solid lubricants. 
They are excellent lubricants because 
they are made up of parallel layers 
of plates weakly bonded together be- 
tween the layers. Adsorbed liquid 
and gas molecules apparently play 
a decisive role in the lubrication by 
graphite while the sulphur atoms 
which sandwich the molybdenum in 
MoS, are believed principally re- 
sponsible for its lubricating ability. 
Both materials are resistant to radia- 
tion and chemical attack. In oxidiz- 
ing atmospheres, these materials are 


200 


stable up to 700 to 800° F. Graphite 
oxidizes and forms a gas at elevated 
temperatures, leaving no _ residue. 
Molybdenum disulphide decomposes 
into an abrasive, molybdenum tri- 
oxide, at elevated temperatures. 
Molybdenum disulphide will lubri- 
cate equally well in vacuum as in 
air while graphite will not lubricate 
in vacuum unless preheated with 
metal salts such as barium fluoride 
or lead iodide. 

The effect of a solid lubricant in 
preventing the formation of metal- 
to-metal junctions has been demon- 
strated experimentally by the author. 
In rubbing steel against steel and 
increasing the load by 100 Ib. every 
60 sec., it was found that, with a 
liquid lubricant present, each in- 
crease in the load was accompanied 
by a momentary peak in friction 
force. It was presumed that these 
peaks represented the formation of 
metal junctions during the adjust- 
ment process of increasing the real 
area of contact. When a solid 
lubricant was used, the friction peaks 
were considerably reduced. When a 
pair of specimens which had been 
run up to a given load with a solid 
lubricant were operated with a 
liquid lubricant, no friction peaks 
were observed until the maximum 
load level under which the speci- 
mens were operated with solid lubri- 
cant had been exceeded. The speci- 
mens were “worn in” by employing 
a solid lubricant in the initial 
operation. 

W. A. GLAESNER 


Bonding by Isostatic 
Pressing 


Digest of “Bonding of Various 
Metals and Alloys by Isostatic 
Pressing at Elevated Tempera- 
tures”, by J. Fugardi and J. L. 
Zambrow. Paper V-104 pre- 
sented to Nuclear Engineering 
& Science Conference, Cleveland, 
April, 1959. 


N PERFORMING a previous contract 
for the U. S. Atomic Energy 
Commission, Sylvania Corning Nu- 
clear Corp. built an underground 
bombproof containing an autoclave, 
3.75 in. inside diameter by 35 in. 
long, and pumping and _ heating 
equipment capable of maintaining 
the contents of the vessel at 20,000 
psi. and 1100° F. Instrument panels 
for completely remote control were 
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Photo by Etienne Bertrand Weill, Paris. 
Periiton corburizing both in French metal piont. 


IT TAKES MORE THAN JUST GOOD 
SALT TO DOGOOD HEAT TREATING! 


Whether the parts are to be carburized, neutral 
hardened or mar-tempered, there is a Houghton 
heat treating salt expertly compounded to do 
the job. 


And back of this salt compounding “know- 
how”, there is an internationally recognized staff 
of heat treat technicians who are ready to give 
you “in-your-shop” help with your heat treating 
problems. 


It is this combination of uniform compounding 
and technical service that has led to the use of 
Houghton Salts on many of the nation’s missile 
parts heat treating processes. 


Next time you want heat treating help, call 
Houghton for practical help. E. F. Houghton & 
Co., 303 W. Lehigh Avenue, Philadelphia 33, Pa. 


Philadelphia, Pa. Chicago, Ill. Carrollton, Ga. Detroit, Mich. San Francisco, Calif. Toronto, Canada 
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use PEXchek penetrant dye system for 
inspection after any metal-working 
process—casting, forging, welding, grind- 
ing, extruding, drawing, shearing—the 
gamut of operations. PlXchek is equally 
adaptable to single part or quantity-run 
inspection. 


Everything you need is in 
this handy flaw-hunting kit 
Sturdy steel hinged case with aerosol spray cans of PIXchek 
Dye, Cleaner, and Developer, plus extra cans of Dye and 


Cleaner for brush and wipe-on applications. The coupon 
below can start you flaw hunting right away. 


PICKER X-RAY CORPORATION 
25 So. Broadway, White Plains, N. Y. 


Please ship (1) PIXchek Kits @ $35.00 


Name Title 


Company. 
v 


Address 
City. 


Purchase Order No 


Circle 2145 on Page 48-B 


202 


Bonding . . . 


installed in another building at safe 
distance. 

The parts to be bonded, such as 
a powder compact or a “picture 
frame” reactor element, were care- 
fully cleaned by heating in hydro- 
gen, vacuum-outgassing, or chemi- 
cally, or an appropriate combination 
of all. These cleaned parts were 
then assembled and enveloped in a 
sheath of stainless steel sheet. In 
some experiments the assembly was 
separated from its stainless envelope 
by molybdenum sheet, to prevent 
mutual welding during the pressure 
cycle. After checking for leaks, the 
envelope was evacuated, and final 
seal made by vacuum induction 
welding. 

The encased sample was then put 
into the autoclave, this vessel 
closed, purged, pressurized with 
argon gas to 3000 psi., the heating 
coil turned on, pressure and tem- 
perature brought gradually to pre- 
determined limits and held steady 
for the required time. After decom- 
pression and cooling, the sample was 
removed from its stainless sheath 
and subjected to various mechanical 
and physical tests. 

It will be observed that the as- 
sembly was subjected simultaneously 
to high fluid pressure equally from 
all directions (isostatic pressure). 
The early experiments indicated that 
the method has great promise, since 
it achieves ideal bonding conditions, 
and production equipment is capa- 
ble of completely remote control. 
Most of the further experiments de- 
scribed in this paper were at pres- 
sures of 12,000 psi. at 2200° F., the 
latter achieved by inserting into the 
autoclave a winding of the resistor 
known as Kanthal (23% Cr, 6% Al, 
2% Co, bal. Fe). 

This higher operating tempera- 
ture proved quite capable of mak- 
ing metallurgical bonds of high peel 
strength in 20 such combinations as 
the following: Zircaloy-2 cladding 
over a 92-8 U-Zr core; Zircaloy-2 
cladding over a 90-10 U-Cb core; 
2-S aluminum over an 80-20 U-Al 
core. Furthermore, two blocks of 
2-S aluminum were bonded at 1130° 
F. and 14,400 psi. for 10 min. and 
a tensile test piece cut from them. 
Fracture was at 13,800 psi. equiva- 
lent to the specification value for 
rolled rod and occurred at some 


distance from the bonded joint. 
Assemblies of Type 347 stainless 
steel (18-10 Cr-Ni, Cb stabilizer) 
were designed so the bond, if de- 
fective, would fail in combined ten- 
sion and shear. Three variables 
were studied — temperature (1830 
and 2200° F.), pressure (2000 and 
12,000 psi.) and time (5 and 20 
min.). Of 23 test welds, five broke 
at the bonded interface; the others 
failed in a ductile manner in the 
machined portion of the sample at 
about 66,000 psi. It was concluded 


, that satisfactory isostatic welds can 


be made in Type 347 under condi- 

tions somewhat less onerous than 

2200° F., 12,000 psi. and 20 min. 
E.E.T. 


Forging and the 
Seven-Year Plan 


Digest of “Development of 
Forging Production in the Sev- 
en-Year Plan”, Forging Produc- 
tion, No. 2, 1959 (Russian). 


[NCREASES IN FORGING production 

scheduled by the seven-year plan 
(1959-65) will require reorganiza- 
tion and development of forging 
processes. Newly developed meth- 
ods in mechanical forging presses 
produce all forgings needed for pas- 
senger automobiles. High speed 
crank-type presses are used for ex- 
truding parts without fins and induc- 
tion heating is being extensively used 
for heating for forging. 

The ratio of forgings to steel pro- 
duction in the U.S.S.R. is 8%, com- 
pared to 5 to 6% in the industrialized 
Western countries. The compara- 
tively small ratio of forgings to steel 
production in Western countries is 
explained by a higher percentage of 
castings used in machine building 
than in the Soviet Union. For ex- 
ample, six automobile manufactur- 
ers out of the total of 21 in the 
United States use cast crankshafts, 
which amounts to 28% of the entire 
auto crankshaft production. In 
Russia, only one automobile factory 
produces certain models with cast 
crankshafts amounting to the total 
of only 6% of all crankshafts of this 
type. 

Comparison of production figures 
also shows that rolled products play 
a more prominent role in the United 
States. For example, Timken Roller 

(More digests on p. 207A) 
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One of a series 


Higher Education for Computers 


“Let’s put the computer in at the start of a problem, rather than 
just having it buzz through the computations.” 


This is the approach being taken by computer specialists at 

the General Motors Research Laboratories as they explore ways of 
giving large-scale digital computers a greater role in the 

solution of problems. The object is to “teach” computers to 
apply the same rules men use in formulating, analyzing, and 
solving questions of modern science and engineering. 


A recent outgrowth of this work is DYANA, GM Research’s new 
automatic analysis and programming system. DYANA is one of 
the first computer systems to “understand” declarative statements. 
For a large class of dynamic problems, the engineer can simply 
describe his physical system to the computer. The computer 
figures out how to handle it. 


For the solution, DYANA automatically directs the computer to 
prepare a mathematical model of the system, to write its own 
program for solving the model, then to execute the program 
and compute the desired answers. 


The higher education of computers currently involves studies 
in symbol manipulation, problem-oriented languages, 
character and pattern recognition, and engineering simulation. 


Such advanced computer concepts are giving General Motors 
professional people more time for creative engineering and 
research—time to explore ideas and to develop “more and 
better things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


Comparison of program tapes 
for a vibrational problem 
expressed in DYANA language, 
in algebraic-oriented 

language, and in the basic 
machine language. 
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Torpedo control cables 
— each with 65 relia- 
ble, gold plated con- 
tacts and sockets — 
being tested in water 
at 750 PSI. The “‘pin- 
ball machine’’ type 
testing device has a 
signal light correspond- 
ing to each contact. 
Faults or failures are 
easily pin-pointed 
when any light goes off 
during testing. This is 
only one of the exact- 
ing endurance tests to 
which Anton subjects 
all of its products. 
100% testing assures 
quality and reliability 
for which Anton Elec- 
tronics’ products are 
famous throughout in- 
dustry. 


PLATING COSTS DOWN 307-REJECTS ELIMINATED 
USING AUTRONEX™ ACID GOLD PLATING PROCESS 


...... Anton Electronic Laboratories, Inc. 


“Since installing the AUTRONEX ACID GOLD 
ELECTROPLATING PROCESS, our plating produc- 
tion costs are down 30% and still falling”, reports Mr. 
George Weinman, General Manager, Components Di- 
vision, Anton Electronic Laboratories, Inc., Brooklyn, 
New York. Mr. Weinman goes on to say that “... during 
six months’ operation—covering the plating of millions 
of components—plating rejects were practically non- 
existent.” 

As manufacturers of precision potentiometers, connec- 
tors, special instruments for Atomic Energy applica- 
tions—as well as the largest producers of Geiger 
Counter tubes—Anton Electronics could make no 
compromise with quality. “We knew Sel-Rex was the 


best”, says Mr. Weinman, “and after installation we 
proved the truth of the adage ‘the best costs less’, in the 
long run”. 

The patented AUTRONEX ACID GOLD ELEC- 
TROPLATING PROCESS has production-proved its 
unique advantages for over two years in the plants of 
leading manufacturers the world over. AUTRONEX 
can help you make a better, more reliable product— 
probably at far less cost than with any gold plating 
formulation you may be presently using. Evaluate 
AUTRONEX ACID GOLD ELECTROPLATE in 
your own plant, on your own products. We’d be happy 
to plate sample parts for you at no obligation. Write... 
Wire...’Phone. We’ll make all the arrangements. 


*Trademark for Sel-Rex patented Acid Gold Electroplating Process 


SEL-REX CORPORATION 


NUTLEY 10, NEW JERSEY 


World’s largest selling precious metal plating processes: Gold, Rhodium, Platinum, Palladium, Silver. Processes for ‘Custom’ Alloys 
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Entry end of No. 4 continuous galvanizing line, Weirton Plant, Weirton Steel Company 


Wean, Weirton 


Weirton Steel Company, Division of 
National Steel Corporation, added 
this continuous hot-dip galvanizing 
line to meet the demand by cus- 
tomers for fine quality zinc-coated 
sheet. This line was specifically de- 
signed to process heavy gauge strip 
in widths up to 50”, extending 
Weirton’s coverage of finished sizes. 

The Weirton line handles 65,000 
pound coils and provides for either 
recoiling or shearing operations at 
the exit end. Shear lengths vary from 


and Galvanizing 


48” to 192”. A horizontal cleaning 
section provides superior cleaning 
of the strip. Six bridles maintain con- 
tinuous tension regulation through- 
out the line, permitting a wider 
Weirton’s 
galvanizing line is an example of 
Wean’s creative engineering, ori- 


range of gauges. new 


ented to solving a company’s expan- 
sion needs. Why not take advantage 
of Wean’s years of experience in your 
planning to meet expanding demand 
for galvanized products. 


THE WEAN ENGINEERING COMPANY, INC. - WARREN + OHIO 
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THE LITHIUM REACTOR 


CURRENT'INFORMATION ON 


LCA TO MOVE 
HOME OFFICE 


Effective June 15th, the executive and 
sales offices of LCA will be located at 
500 Fifth Avenue, New York 36, N. Y. 
The former Minneapolis office will be 
closed and all correspondence should 


be addressed to the New York office. 


PAPER ON LITHIUM’S 
ALLOYING POTENTIAL 
OFFERED 


A rerun of the popular paper, “Lith- 
ium, A Promising Alloying Element,” 
has been made and copies are again 
available through LCA upon letter- 
head request. 

This paper gives a concise summary 
of the theoretical concepts of the alloy- 
ability potential of lithium with a num- 
ber of metallic elements as well as a 
review of the alloy systems that have 
already been developed on a commer- 
cial or semicommercial basis. 

Written by an independent authority 
in the field, the paper gives a factual 
and unbiased view of the utility of 
lithium in alloys. 


PHASE DIAGRAMS 
AVAILABLE 
ON REQUEST 


Lithium Corporation has prepared 
authorized reprints of binary phase 
diagrams of lithium with other metals. 
The reproductions are from the 
McGraw-Hill book by Hansen, “Con- 
stitution of Binary Alloys.” 

The diagrams have been enlarged to 
fill an 8'2 x 11 sheet and temperatures 
in degrees Fahrenheit have been added 
for the convenience of operating metal- 
lurgists. Original source references 
are indicated on the individual phase 
diagrams. 

Complete sets, consisting of 15 phase 
diagrams are now available upon re- 
quest on company stationary to LCA. 


LITHIUM CHEMISTRY AND METALLURGY 


Lithium-Aluminum Alloys Find 
Wider Applications 


New Alloys Utilize Lithium Because of Light 
Weight and Strength 


Mother Nature, in her capriciousness, made lithium the lightest of all metals. 
Today, design engineers and metallurgists are utilizing this property to their 
advantage. Because of the ever increasing demands of modern technology, the 
search for newer, stronger and lighter alloys is endless, particularly when they 
can withstand reasonably high temperatures. Lithium fits directly into this pic- 
ture and LCA is happy to work with metallurgists interested in developing new 
alloys to meet this need. 


Alcoa’s X-2020, an aluminum alloy containing a small amount of lithium, is 
finding increasing applications in advanced aircraft and rocketery. This new 
material surpasses the thermal barrier of other alloys of similar strength by 
approximately 100° F. Furthermore, because it is some 3% lighter than previ- 
ously available aluminum alloys, its use will account for substantial reductions 
in aircraft weight. Lower in cost than any similar alloy, X-2020 makes the pro- 
duction of such aircraft more economical as well. 


LCA produces lithium in ingot form as a convenient means of manufacturing 
such alloys. Master alloys are also available. 


The Niagara Falls Smelting and Refining Division of Continental Copper & 
Steel Industries in Buffalo, N. Y. produces a 5% lithium-aluminum alloy. Con- 
trolled addition of this material to die-casting alloys diminishes porosity and 
reduces the accumulation of aluminum oxide in ducts and channels of induction 
furnaces. For these advantages, initial 


LITHIUM IN BRIEF 


New developments involving lithium are 
constantly appearing in the literature. 
Each month some will be repeated here. 
For further information, write our 
Technical Service Department. 


A WADC report on seventeen alloys for 
brazing titanium indicates favored prop- 
erties for lithium-silver base filler metals 
(820). 

A UK report on brazing titanium with 
aluminum or silver filter alloys requires 
fluxes containing 15-20% LiF (1075). 


A Canadian research paper notes a spe- 
cific heat anomaly in Li-Mg alloys due to 
martensitic transformation (2018). 


Two U.S. patents describe method of 
manufacture of lithium-ferrite magnet 
cores for “electronic memory” equip- 


ment (322-323). 


addition of 14 lb of “Falls” 5% lith- 
ium-aluminum per 100 lbs of melt is 
suggested by the company. To produce 
other alloys, the company suggests 
higher concentrations of the master 
alloy. 

Kawecki Chemical Company, 220 
East 42nd St., New York 17, N.Y. also 
produces a lithium-aluminum alloy, 
suitable for use in improving the 
quality of aluminum products and 
producing lithium containing alloys. 
The Kawecki material containing 10% 
lithium in aluminum, will also provide 
castings of improved physical proper- 
ties or can be used to provide lithium 
to make alloys. 


For further information on either 
of these two master alloys write these 
companies. 


The Lithium Corporation of Amer- 
ica, at their new address, is happy to 
provide information covering the use 
of lithium as an alloying element for 
aluminum. For further information, 
write Technical Service Department. 


LITHIUM CORPORATION OF AMERICA, INC. 


500 FIFTH AVENUE .- 
CLEVELAND 14, OHIO 


NEW YORK 36, N.Y. 
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For increased corrosion resistance follow the 
trend to thicker decorative chromium plating... 
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wih MUTUAL CHROMIC ACID 


Yes, the trend is to thicker chromium plating to 
produce increased resistance to outdoor exposure 
economically. Today’s reports indicate that the 
thicker chromium plating shown in the simplified 
graph above makes possible a marked increase in 
the desired corrosion resistance without a propor- 
tionately high increase in plating costs. And the 
sales appeal of your product goes way up! 


OTHER PRODUCTS FOR PLATERS 


SOLVAY® Caustic Potash © SOLVAY Caustic Soda 
SOLVAY Hydrogen Peroxide * SOLVAY Methylene Chloride 


JUNE 1960 


Whichever plating process you may select to pro- 
duce thicker chromium plating, specify Mutual® 
Chromic Acid. It’s always 99.75% pure—or better. 
Sulfate content never exceeds 0.1%. Rigid quality 
control by Mutual insures that the chromic acid 
you get is always the same. This makes it easier 
for you to control accurately the acid-sulfate ratio 
of your plating bath. 


SOLVAY PROCESS DIVISION 
61 Broadway, New York 6, N. Y. 


MUTUAL chromium chemicals are lable through dealers and SOLVAY branch 
offices located in major centers from coast to coast. Send export inquiries to Allied 
Chemical International, 40 Rector St., New York 6. 
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Forging .. . 


Bearing Co. manufactures all outer 
and inner bearing races by machin- 
ing from rod (in small diameters) or 
tubing. The Soviets use horizontal 
forging machines or hammer forg- 
ings for most ring shaped products 
in the bearing industry. 

The degree of precision of closed 
die forging in the West is higher than 
in the U.S.S.R. Also, production of 
gear wheels with forged teeth, side 
ram split die forgings, and direct and 
backward extrusion are more devel- 
oped in the Western countries than 
in Russia. 

There are about 1500 forging 
shops in Russia, distributed as shown 
in the tabulation below: 

YEARLY PropucTion SHOPS 

Up to 1100 tons 75.2% 
1100 to 5500 16.5 
5500 to 11,000 3.3 
11,000 to 22,000 2.7 
22,000 to 55,000 1.3 
55,000 to 110,000 
Over 110,000 0.3 


The majority of shops (75.2%) 
producing up to 1100 tons per year 
use open die (“free”) hammer forg- 
ing. Most die forgings are 110 to 
220 Ib. and sometimes more in 
weight, in as many as 1000 different 
types. This brings about poor equip- 
ment utilization, since building, 
transportation facilities and materials 
handling equipment are designed 
for the maximum size forgings, of 
which there are only two or three 
types, while the majority of forgings 
require smaller and cheaper equip- 
ment. Precise billet preparation is 
not always possible, due to lack of 
modernization, obsolete layout meth- 
ods and old fashioned billet cutting 
shears. This retards the adoption of 
precision forging methods. Other 
deficiencies include the use of batch- 
type fuel oil, gas or solid-fuel heat- 
ing furnaces, and insufficient crank- 
type press, coining, roll forging and 
other specialized equipment. 

The Russians expect to improve 
production by shifting 15% of “free” 
forgings to die forgings, by rolling 
wagon axles in special mills rather 


than forging (estimated weight sav- 
ing of about 10%), by improving 
forging technology, by using cold 
extrusion (estimated weight saving 
of 10%), by precision casting meth- 
ods, and by use of plastics. 

Items such as valves, connecting 
rods, crankshafts, certain gears, and 
splined shafts will be mass produced 
in specialized plants. 

Production of large crankshafts 
and gears, which require presses or 
hammers over 2000 ton capacity, will 
be placed near steel factories. Rolled 
items — axles, crankshafts over 2 in. 
in diameter, ball mills over 2 in. in 
diameter, and bearing rollers over 
2 in. in diameter, for example — will 
be produced by steel mills. Die 
blocks will be manufactured by steel 
mills. The forge shops will be con- 
centrated within each region to 
achieve the best utilization of their 
forging capacity. 

It is expected that with mechani- 
zation, yearly production of forgings 
will reach 1,100,000 ton, of which 
half will be produced in automatic 
and semi-automatic production lines. 


General Electric 


F ag copper brazing, silver brazing, sintering, 


Ask your General Electric sales engineer 
for complete data on G-E mesh-belt fur- 
naces or write for bulletin GED-3881. 
General Electric Company, Schenectady 5, 
New York. 736-01 


Progress ls Our Most Important Product 
GENERAL ELECTRIC 


Mesh-belt Furnaces from General Electric are specially designed 
for low-cost, high-volume production. They can be installed in a con- 
tinuous production line, accepting parts ready for heat processing and 
delivering the processed parts ready for assembling or packaging. 
Available with either ribbon or silicon carbide resistors, the furnaces 
provide reliable, continuous operation with minimum maintenance. 
Heavy insulation keeps operating costs down and eases working condi- 
tions around the furnace. Since these furnaces can achieve substantial 
cost reductions and quality improvements, they are extremely popular; 
over 200 General Electric mesh-belt furnaces are now in operation. 
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METALS DIVISION MAKES A MAJOR 

KELSEY-HAYES COMPANY BREAKTHROUGH IN 
VACUUM INDUCTION 
MELTING 


NEW TECHNIQUE WILL PERMIT CRUCIBLE DESIGN OF UNLIMITED SIZE! 


During the development and construction of this 
mechanical marvel that pours 5000 Ibs. of alloy as accu- 
rately as pouring a cup of tea, we were fortunate 
enough to work closely with the Metals Division engi- 
neers of Kelsey-Hayes Company and, to be given the 
job of constructing several of the component parts. 


We congratulate the Metals Division for this tech- 
nological breakthrough and express our thanks for 
having this opportunity to point out our ability to 
produce vacuum melting components to 

exacting customer specifications. 


Sad A K MACHINE WORKS, INC. troy (GREEN ISLAND) NEW YORK 
| Super Alloys — Today and in the Fu 


% 


ZAK offers quality and versatility, in the manufacture 
or fabrication of 

VACUUM FURNACES * VACUUM CHAMBERS * SKULL 
MOLDS * CRUCIBLES * HOT TOPPING UNITS * INGOT 
MOLDS (Steel, Copper) FOR RESEARCH OR PRODUC- 
TION 

In the illustration below: 

Furnace chamber (a) of 5000-1b furnace tilts to pour. Molten 
alloy passes through pouring chamber (b) in tundish to mold 
chamber (c). Entire furnace is under vacuum during pouring, 
as low as 1 micron. 

Send for descriptive literature: 

BU-58 Button Furnace * CR-58 Crucible * FAC-58 Facilities 
Folder * IM-59 Ingot Molds * HT-59 Hot Topping Unit ¢ 


ing: 


Forging .. . 


Balls for ball mills, and large ball 
bearings, crankshafts, chain links, 
caterpillar tracks, gears, and the like 
will be rolled in specially designed 
rolling mills. ArrHurR B. TesMEN 


Silicon Affects Friction 
and Wear 


Digest of “The Influence of 
Silicon Additions on Friction 
and Wear of Nickel Alloys at 
Temperatures to 1000° F.”, by 
D. H. Buckley and R. L. John- 
son, American Society of Lubri- 
cation Engineers Preprint No. 
59LC-11. Paper presented before 
the A.S.L.E.-A.S.M.E. Lubrica- 
tion Conference, October 1959, 
New York. 


O* NUMEROUS OCCASIONS it has 

been noted that the addition of 
small amounts of silicon to bearing 
metals has resulted in improved per- 
formance. However, the reasons for 
this are not clear. One factor which 
has received a great deal of consid- 


eration is the increase in hardness 
conferred by silicon. On the other 
hand, since hardness obtained by 
other methods has not resulted in 
similar benefits, it is felt that hard- 
ness alone is not the answer. Another 
factor has also been considered. The 
presence of silicon results in the 
formation of a surface film or glaze 
which is probably of eutectic com- 
position. The low melting point of 
the eutectic is normally associated 
with low shear strength. Therefore 
it appears likely that surface shear 
takes place in the film and not in the 
metal. This investigation was under- 
taken to clarify the function of sili- 
con in slider alloys by evaluating the 
importance of film formation. 

A series of specially cast silicon- 
nickel alloys (containing 0 to 10% 
Si) and a Ni-Cr-Fe alloy (70% Ni, 
15 Cr, 5 to 9 Fe, plus traces of 
silicon, carbon, manganese, sulphur, 
aluminum, titanium and columbium 
were used in this study. The mate- 
rials were tested over a temperature 
range of 75 to 1000° F. and in five 
different atmospheres: air, 7% oxy- 
gen plus 93% argon, 40% oxygen 


WE VACUUM BRAZE 


STAINLESS AND SUPER ALLOYS 


Brazing techniques that produce clean, bright, homogeneous joints of 
maximum density and high strength are available to you on a com- 
mercial basis. Ipsen vacuum heat treating produces superior physical 


and metallurgical properties. 


‘Heat treating of stainless steel is also carried out in commercial 
quantities with Ipsen vacuum furnaces operating at temperatures to 
2600° F, and with forced convection cooling! 

Ipsenlab of Rockford has served industry for many years with the most 


modern metallurgical laboratory facilities for pilot or production runs. 
Call WOodland 5-8788 in Rockford, or write to let us know how we 


might serve you. 


Ipsentabs oF INC. 


2125 KISHWAUKEE STREET - ROCKFORD. ILLINOIS 
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plus 60% argon, 7% hydrogen plus 
93% nitrogen (forming gas), and 
dibromodifluoromethane (CF,.Br.). 
All tests were conducted by sliding 
a 3/16-in. radius hemisphere on the 
flat surface of a rotating disk under 
a 1200-g. pressure and at a sliding 
velocity of 120 ft. per min. The disk 
aud rider were of the same material 
and were ground to a surface finish 
of 2 to 4 micro-in. 

The test procedure was as follows: 
The test chamber was purged with 
the desired gas for 15 min. Then the 
run-in procedure was started under 
no load at an initial surface speed of 
55 ft. per min. Incremental loads of 
200, 400, and 600 g. were applied 
at 1 min. intervals. A 1200-g. load 
was then applied for 2 min. after 
which the surface speed was in- 
creased to 120 ft. per min. This 
speed and load were maintained for 
60 min. This run-in procedure was 
necessary because experience had 
demonstrated that the specimen sur- 
faces would fail if the run was start- 
ed at high speeds and loads. 

The object of the first test was to 
determine whether or not the im- 
portance of silicon in slider alloys 
was due to the hardness it imparted 
to the alloy. Two alloys of approxi- 
mately equal hardness, the Ni-Cr-Fe 
alloy and the 7.5% silicon-nickel 
alloy, were tested under identical 
conditions at temperatures ranging 
from 75 to 1000° F. The results 
showed the friction coefficient for 
the silicon-nickel alloy (0.5) to be 
much lower than that of the Ni-Cr- 
Fe alloy (0.8) over the entire tem- 
perature range. Furthermore the 
silicon alloy exhibited only one third 
the wear. These differences were 
due toa factor other than hardness. 

The next phase of this investiga- 
tion was concerned with the 2.5% 
silicon-nickel alloy. Friction and 
wear tests were conducted in air and 
in reducing gas at 75, 600, and 1000° 
F. The results revealed that in air 
the wear and the coefficient of fric- 
tion decreased with increasing tem- 
perature as did the hot hardness and 
probably the sheer strength. In 
reducing gas the wear and the co- 
efficient of friction were lower at 
600° F. than at either 75 or 1000° 
F. In addition, the wear at 1000° F. 
was very much greater in the reduc- 
ing gas than in the air. This indi- 
cated the importance of the surface 
film since it could not form in the 
reducing gas. (Cont'd on p. 210) 
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MCA FLUX 
AND RIMMING STEEL 


Very revealing tests may be made for 
uniformity of analysis of rimming 
steels, by comparing top to bottom, 
rim and core, edge to center, between 
MCA flux treated and non-treated in- 
gots. Elements most readily segre- 
gated—sulphur, carbon, phosphorous 
and nitrogen—are held in remarkably 
close limits through the economical 
use of rare earths. 


This allows the use of even larger in- 
gots, with its attendant production 
economies. For example, rare earth 


additions to larger rimming ingots of 
50,000—60,000—70,000 pounds afford 
a quality and uniformity formerly ob- 
tained only in smaller ingots. 


Alert engineers and metallurgists are 
now studying large rimming ingot 
products made possible by using our 
MCA flux. MCA, the leading rare earth 
producer and processor, has valu- 
able technical information on this 
subject, and will be happy to share 
it with you. Write today for specific 
information. 


MOLYBDENUM 


2 Gateway Center 


JUNE 1960 


CORPORATION OF AMERICA 


Pittsburgh 22, Pa. 


Offices: Pittsburgh, Chicago, Los Angeles, New York, San Francisco 
Sales Representatives: Brumley-Donaldson Co., Los Angeles, Son Francisco 


land-Tungsten, Inc., Cleveland 


Plants: Washington, Pa., York, Pa. 
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SALE 


AIRCRAFT PACKAGE OFFERS 
4 BOOKS AT GREAT SAVINGS 


Metals For Supersonic Aircraft & Missiles 


Based on Albuquerque Conference on Heat Tolerant Metals for Aero- 
dynamic Applications sponsored by ASM and U. of New Mexico. Informa- 
tion on what happens to metals during high speed flight. Deals with the 
metals problems that will determine the rate at which new vehicles and 
missiles can be developed. D. W. Grobecker, Technical Editor. 12 Chapters. 
Illustrated. 432 Pages. 6” X 9”. Red Cloth Cover. 


Short-Time High-Temperature Testing 


Reports on new techniques and methods used in testing structural 
materials for high-speed flight. Procedures and results given as integrated 
accounts. Presents new equipment developed to obtain elaborate data on 
strength properties. Only book available on this new realm of testing. For 
test labs, structural, metallurgical engineers; designers. 11 Authors. 6 
Chapters. Illustrated. 187 Pages. 6” X 9”. Red Cloth Cover. 


High Strength Steels For Aircraft 


Contains papers from ASM Southwest Metal Congress on steel castings 
in airframes; materials for hypersonic weapons; machining, fabricating 
high strength steel; embrittlement, testing of high strength steels. Written 
for easy understanding. A popular volume in its second printing. Paper 
Cover. 8 Chapters. Illustrated. 82 Pages. 8%” X 11”. 


Sheet Materials For High Temperature Service 


Another volume originating from papers presented at the ASM South- 
west Metal Congress. Topics include high alloys of chromium, cobalt, colum- 
bium, molybdenum, vanadium; joining and_ inspection of joints; ceramic 
coatings; electrical strain measurements. In its second printing. Paper 
Cover. 6 Chapters. Illustrated. 74 Pages. 8%” X 11”. 


REGULAR 
PRICE 


© Metals Fer Supersonic Aircraft & Missiles ---- $9.00 
@ Short-Time High-Temperature Testing 

@ High Strength Steels For Aircraft 

© Sheet Materials For High Temperature Service - 2,95 


SAVE! 


ALL 4 BOOKS - $14.95 


Restle! ASM'S AIRCRAFT PACKAGE 


NAME 
Enclosed is: 
TITLE 


$ 
COMPANY tai 


BILL ME oO 
BILL CO. 0 


STREET. 


CITY. ZONE STATE 
MAIL TO: P-1 


AMERICAN SOCIETY FOR METALS e Metals Park @ Novelty, Ohio 


Friction and Wear .. . 
In the third phase of this investi- 


gation, friction and wear data were 
obtained for silicon-nickel alloys 
containing 0 to 10% Si. These tests 
were conducted at room temperature 
in all five gases. The results showed 
that in a reducing atmosphere the 
coefficient of friction for nickel was 
extremely high (10). The tests 
conducted in the oxygen-containing 
atmospheres revealed that the fric- 
tion coefficient decreased with in- 
creasing silicon content. Moreover 
the results were not influenced by 
variations in the oxygen content. 
The CF,Br, gas condensed on the 
test specimens resulting in liquid 
lubrication. Therefore no room- 
temperature data were presented. 
The wear of the nickel rider speci- 
men was extremely high in all 
atmospheres but decreased with in- 
creasing silicon content up to 5%. 

In the next phase of the investiga- 
tion, friction and wear data were 
obtained for the silicon-nickel alloys 
at 600° F. in all the test atmospheres. 
The results indicated that the fric- 
tion coefficients for the alloys were 
lower at 600° F. than at room tem- 
perature. Also, the 2.5% silicon alloy 
showed less wear at 600° F. than at 
room temperature. Moreover the 
wear in CF,Br2 was extremely low 
for all alloys including pure nickel. 

The last phase of the investigation 
was conducted at 1000° F. on the 
silicon-nickel alloys and the pure 
nickel. This test also showed de- 
creasing coefficients of friction with 
increasing silicon in all the test 
atmospheres. The wear tests re- 
vealed that relatively small additions 
of silicon to nickel resulted in mark- 
edly reduced wear in oxygen con- 
taining atmospheres at 1000° F. At 
this temperature, the hardness of the 
pure nickel and the 2.5% silicon- 
nickel alloy were approximately the 
same. However, the wear of the 
nickel was so catastrophic as to pre- 
‘vent wear measurement. The tests 
also revealed that the wear of the 
5.0, 7.5, and 10.0% silicon alloys in 
forming gas was insignificant com- 
pared to that of pure nickel and the 
2.5% silicon alloy. This reduction 
in wear was attributed to the duplex 
structure of the higher silicon alloys. 
This structure consisted of a soft 
phase smeared over a hard phase. 

BERNARD TROCK 
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for the volume processing 
and uniform cutting of 


é rT . ¥ 


up to 300 feet per minute! 


® 
Hn Delivers uniform diameter bars 
Gg and precision-cut lengths 


Designed for wide range of wire 
sizes 


Electric variable speed drive pro- 
vides stepless range from 100 
to 300 fpm 


\ 


Eliminates twist through use of 
caterpillar chain feed 


No. 75 
CAPACITY 


Quick loading safety reel 


This efficient Vaughn machine affords automatic produc- 
machine and protects operator from 


tion of straight, cut lengths direct from the coil, process- revolving payoff coil 
ing the entire, coil from end-to-end, and reducing scrap tee 
to an absolute minimum. Built to high Vaughn standards more coils. 
of smooth operation, low maintenance and long service 
life, the Motomatic increases production while reducing 
labor time and fatigue—a dividend-paying investment 
year after year. © Send for Motomatic Bulletin No. 751. 


The VAUGHN MACHINERY COMPANY 
CUYAHOGA FALLS, OHIO, U.S.A. 
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COMPLETE COLD DRAWING EQUIPMENT... 
Continuous or Single Hole... for the Largest Bars 
and Tubes... for the Smallest Wire... 
Ferrous, Non-Ferrous Materials or their Alloys. 


The 
« 
4 
it fii) 
_> 


~You Can 
WORK 


The Difference 


You Can 


HAVE 


The Difference 
AT NO EXTRA 


COST 


GENERAL OFFICES: Harvey, lll. 


Specialists in Finish, Accuracy, Straightness, Strength and Machinability 


dent 
BLISS & LAUGHLIN 


(a: 


Why Cleaner, Brighter LUSTERIZED® 
Bars Handle Easier and Work Better 


If you haven’t made a comparison run against ordinary cold finished steel bars with 
clear, bright Bliss & Laughlin Lusterized Finish bars, you will be impressed with 
the difference. 

Lusterized bars start out cleaner, are less messy to handle, remain clean and 
bright during storage and production. The absence of processing grit, oil and lime 
keeps chucking mechanisms on automatics free from clogging and production flowing 
steadily at a profitable pace. The bright, clean surface often requires no finishing 
operation, reduces the need for elaborate pre-plating preparation. 

Lusterized Finish is a Bliss & Laughlin exclusive. It is another result of a constant 
research program over nearly 70 years to produce cold finished steel bars that will 
improve your production and profits. Ask for a new folder detailing the production 
advantages of specifying Bliss & Laughlin Lusterized bars. 


LUSTERIZED FINISH is the STANDARD FINISH at Bliss & Laughlin 


Leading 


MILLS: Harvey, Detroit, Buffalo, Los Angeles, Seattle, Mansfield, Mass. Finished Stee/ Bars 
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ACTIVITIES 


FREDDIE F. REPORTS ON: 


A tough, protective lubricant 
with high heat stability 


* 
This high titer metallic stearate complex is forti- 
fied with extreme pressure additives to help pro- 


vide optimum lubricity plus a heat resistant 
protective film. 

The resulting surface coating generally pro- 
vides good protection for finished rope or cable 
wire, etc., and is designed: to remain stable even 
after stress relief heat treatment or patenting. 

You can use Fleximet PCM as received— 
directly in the die box. 


WRITE FOR BULLETIN 46 


PCM 


METALLIC 


BASE 


LUBRICANT 


Fortified with additives including moly- 
disulfide to provide E. P. properties 


TAKE ANTI-FRICTION ACTION with versatile FLEXIMET* products—developed to serve your industry better 


For drawing heavy gauge. . . For dry drawing or hot dip- 


d lm lubrication .. . 
FLEXIMET MCA det 
A high titer calcium stearate complex FLEXIMET S 
for high speed multiple-hole draw Exceptionally rich 80% sodium stear- 
benches. Write for Bulletin 24. ate with rust inhibitor and bonding 
aid added. Outstanding lubrication 
with either phosphate or borax pre- 
coat. Write for Bulletin 26. 


For versatility . . . 


FLEXIMET MCF 


A versatile, fine mesh drawing com- 
pound for high speed drawing. For 
either high or low carbon steel, alu- 
minum, stainless, and titanium alloys. 
Extremely low moisture. Write for 
Bulletin 25. 


SWIFT & COMPANY - SOAP DEPARTMENT 


For cold heading . . . 


FLEXIMET MCL 


A lean lubricant. Especially formu- 
lated to provide protection and quick 
release—without excessive build-up 
on heading dies. Write for Bulletin 44. 


For hard-to-work metals . . . 


FLEXIMET M2DS 


Compounded to help upgrade pro- 
duction rates on “tough jobs" —draw- 
ing mechanically descaled rod, high 
manganese steel, etc. Engineered for 
top lubrication and extended die life. 
Effective for multiple drafting at high 
speeds. Write for Bulletin 45. 


4115 Packers Ave., Chicago 9Q, Illinois 


105" YEAR Seve Your Bette 


*TRADEMARK OF SWIFT & COMPANY 
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KNOW YOUR ALLOY STEELS... 

This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the informa- 
tion is elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it useful to review fundamentals from time to time. 


Broadly speaking, the primary pur- 
pose of annealing is to soften steel 
and make it more workable. An- 
nealing, as applied to alloy steels, 
may be defined as a process that 
heats above, and furnace-cools 
through, the critical range at a con- 
trolled, specified rate of speed; or 
that heats to a point within, and 
furnace-cools to a point below, the 
critical range. In either case, the 
choice depends upon the structure 
and maximum hardness desired. 


The first method produces a la- 
mellar pearlitic structure, while the 
second creates a spheroidized con- 
dition. These will be discussed sepa- 
rately in the following paragraphs: 


(1) Lamellar pearlitic structure. It 
should be mentioned at once that 
this structure can be obtained both 
as described above and by a modi- 
fied method known as isothermal 
annealing. In the isothermal proc- 
ess, the steel is heated above the 
critical temperature (austenitized), 
then transformed at a_predeter- 
mined temperature, which depends 
upon the analysis. This operation 
requires two furnaces or salt baths 
—one for austenitizing, one for 
transformation. 


Lamellar pearlitic structures are 
generally associated with machin- 
ability in carbon ranges from 0.20 to 
0.60 pct, provided the hardness does 
not exceed the optimum maximum 


Brinell numeral. This is especially 
true where critical tooling is in- 
volved. It is a very versatile struc- 
ture, as it gives best results in such 
operations as broaching, tapping, 
threading, deep drilling, boring, 
milling, and tooling as applied on 
single- and multiple-spindle bar au- 
tomatic machines. 

(2) Spheroidized structure. There 
are two general fields of use for this 
type of structure when alloy steels 
are employed. In the low and me- 
dium carbon ranges, spheroidization 
is necessary for cold-shaping opera- 
tions, such as heading, extruding, 
drawing. In the higher carbon ranges 
(over 0.60 pct), it is mandatory 
where machining is involved, be- 
cause it tends to lower the hardness 
of the steel. 

If you want more details about 
these and other uses of annealing, 
and the results to be expected, by 
all means consult with our technical 
staff. And when you need alloy 
steels, Bethlehem can offer the full 
range of AISI standard grades, as 
well as special-analysis steels and 
all carbon grades. 


| 
| 
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This series of alloy steel advertise- 
ments is now available as a compact 
booklet, ‘Quick Facts about Alloy 
Steels.” If you would like a free 
copy, please address your request to 
Publications Department, Bethlehem 
Steel Company, Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Export Distributor: Bethlehem Steel Export Corporation ETH EHE 


BETHLEHEM STEEL Mia 
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Back braces of folding meta! chairs being stress relieved by Allis- 
Chalmers induction heater. Two-position fixture speeds production. 


Allis-Chalmers induction heater replaced oxyacetylene torch 


heat costs dropped 90% 


One of the Midwest’s leading man- 
ufacturers of metal chairs and furni- 
ture switched to an Allis-Chalmers 
induction heater for stress relieving 
of strategic parts. One of his impor- 
tant savings was the cost of oxygen 
and acetylene. Costs had been about 
$3.14 per hour of operation. Electric 
power for the Allis-Chalmers induc- 
tion heater costs about 30 cents. 

In addition, he has been able to 
increase production from 247 pieces 
per hour to 422 pieces. Rejects have 
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been greatly reduced. Die life is ex- 
tended because induction heat leaves 
no appreciable scale. 

The manufacturer has reported 
that savings made through use of the 
Allis-Chalmers unit paid the total 
cost of the heater in six months. 

Such benefits as speed, economy 
and convenience make Allis-Chal- 
mers induction heaters worth your 
consideration for any application 
needing soldering, annealing, melt- 
ing, brazing, hardening or forging. 
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Allis-Chalmers excels in larger 
applications — induction heaters up 
to 150 kw have been applied to speed 
up production, save labor and im- 
prove product quality. In these larger 
applications Allis-Chalmers points to 
a significant number of installations. 

Let us talk with you about possible 
applications. Call your A-C repre- 
sentative. Or write, Allis-Chalmers, 
Industrial Equipment Division, Mil- 
waukee 1, Wisconsin, A-1302 
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special report to 31,000 
metals engineers 


EDITORIAL CONTENT OF 
JULY METAL PROGRESS 


Features 


FRONTIERS OF WELDING PROGRESS 


A FUNDAMENTAL STUDY OF THE e APPLICATIONS FOR NEW WELDING 
TUNGSTEN ARC METHODS 


DATA SHEET—SEAM AND SPOT WELD 


DEFECTS AND THEIR CAUSES IN pees Electron Beam Welding 
AUSTENITIC STAINLESS STEELS Button Welding 


Percussion Welding Automatic Tube Welding 


WELDING FOR NUCLEAR ENERGY — e LEAD DIGEST — Welding Titanium and 
Electrodes for Type 347 Stainless Titanium Alloys 


FOR PROCESS SYSTEMS—Field Welding 
and Heat Treatment of Air Hardening An issue to add new dimensions to welding knowledge 


Cr-Mo Steel Pipe = J U LY- 


FOR AIRCRAFT AND MISSILES—Welding 


High Strength Steels M et al 


WELDING AND QUALITY CONTROL — 


Instrumentation for High Quality Fusion Pro — 


Welding 


METAL PROGRESS 


— 
; 
, 
— 
e | 
| 
| 
e 
> 
af 


In silicon, too, 


there are bargains-and bargains! The silicon product you buy on the basis of 


price alone may turn out to be the most expensive in the long run. 


The only real bargain in silicon, in fact, is when you get the silicon product that is suited to the job you’re 
doing. Since VCA offers a complete line of quality silicon products, your VCA Representative can recom- 
mend impartially the silicon that’s just right for your application—from the standpoints of both effi- 
ciency and economy. Never accept less than the best silicon for the job...that’s the only way to get the 
best buy. Call your nearest VCA District Office for facts and figures. Vanadium Corporation of America, 
420 Lexington Avenue, New York 17, N. Y. + Chicago + Cleveland + Detroit + Pittsburgh 


CORPORATION OF AMERICA Le 


Producers of alloys, metais and chemicais 
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A Model 1061 Multitron radiographing a large steel valve casting at Pacific Southern Foundries, Inc., Bakersfield, 
California, a subsidiary of Pacific Valves, Inc., Long Beach, California. Model 1061, a 1000 curie-cobalt 60 
source, features fully automatic fail-safe protection and remote operation from a console control center. The 
special mounting stand was designed and fabricated by Pacific Southern Foundries, Inc. and Pacific Valves, Inc. 


SAFEI... Multitron® and Iriditron® 


Units for Gamma Radiography 


e Hermetically sealed sources are under positive con- 
trol at all times 


@ Shielding for sources is latest design 
e Source position indicator shows exact location of 
source 


e Fail-safe mechanism returns source to shielded head 
if power fails—on all units having electric drive 


“ Maximum safety with minimum weight: 
that’s the story of Budd radiography 
equipment. You can select the equip- 
ment that best fits your requirements 
from the 21 standard Multitron and 


Iriditron models now available. One of the Budd 
models will give you the method or methods of 
exposure, number of sources, source materials, 
strength and types of mountings you need... all 
with maximum safety. 


Budd offers complete service—radioactive source 
supply and encapsulation, source replacement and 
disposal, training for your personnel (at no charge) 
and assistance in setting up complete radiographic 
facilities. 

Contact Budd Instruments Division for new Gamma 
Radiography bulletin ...or for a consultation on 
your requirements. 


INSTRUMENTS A 


THE BUDD COMPANY - P.O. Box 245 - Phoenixville, Pa. 


Consult your phone book for sales offices in: Atlanta, Ga., Oak Park, Ill., Dallas, Tex., 
Los Angeles, Calif., San Francisco, Calif. 


In Canada 


Tatnall Measuring and Nuclear Systems, Ltd., 46 Hollinger Rd., Toronto 16, Ont. 
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METALLURGICAL RELIABILITY, a function of man and his control of materials and 
machines. Here at Wa1MErt we have little that is unique in the world except 

our dedication to metallurgical science and our unusual ability to tailor alloys to 
particular end uses. Every day we forge another little wedge, add another small 
contribution to the knowledge of how metals behave. Here are three alloy 
improvements that are currently aiding users of high temperature alloys: 


17-4 PH 


Research, in the field and at home, was 
the key to improving the reproducibility 
of 17-4 PH castings. The work of the 
WaIMETt technical team resulted in new 
guaranteed properties and better knowl- 
edge of heat treating requirements. 


Do you have alloy casting problems, or 
casting application problems? Perhaps 
one of these three outstanding alloys 
-or others of the ® family of high 
performance alloys will solve your need. 
Write us for more information. 
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SUPER 3 and 6 


Users of cast abrasion-resistant 
alloys now have the price ad- 
vantage (up to 40% lower alloy 
cost) of WAIMET’s newchrome- 
cobalt-tungsten alloys, SUPER 
3 and SuPER 6. 


5320 OAKMAN BLVD. 
DEARBORN 2, MICH. 
LUzen 1-7200 
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In eighteen months of intensive ef- 
fort, Wa1tMeET brought a promising 
alloy from its state of marginal re- 
liability up to a degree of reproduc- 
ible performance not anticipated in 
the original alloy development. 
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GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


BALTIMORE, Maryland 
Emil Gathmann, Jr. 
413 North Charles Street 


ON 


New Y 


BIRMINGHAM, Alabama 
M Ce. 


Amertean Lite Bidg. 
E i C on tHinois 
loys 


224 §. Michigan Ave. 

Heat and Corrosion 


Resistant Castings 


Pa.. 


and Fabrications 


P.O. Box 2714 


DETROIT 2, Michigan 
General Alloys Company 
Don B. Hutchins 
3-147 General Motors Bidg. 


General Alloys Company products 


HOUSTON 3, Texas 
Wm. E. Brice Co. 
303 Bastrop St. 


are backed by a national engineer- 


PITTSBURGH 15, Pa. 
Vincent C. Leatherby 
104 Fourth 
Sharpsburg, Pa. 


ROCKFORD. Itlinois 


ing service offering unexcelled me- ta Bit 


LOS ANGELES, Calif. 
Furnace Co., Inc. 


| Tweedy B 
South Gate. California 


chanical and metallurgical Heat and aiiaieiti 


esautels Co. 
4003 Hycliffe 
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APOLIS 8, Indiana 
. Desautels Co. 


Corrosion Resistant Alloys for all 


Defense and Industrial applications. wpe. 


MUNCIE, Indiana 
The 


O. Desautels Co. 
P. 0. Box sox 776 
405 Wysor Bidg. 


NEW ENGLAND 


‘There is no substitute 


NEW YORK 7, New York 
ys Co. 


for Experience’’ 


GENERAL ALLOYS CO. 


405 WEST FIRST STREET BOSTON, MASS. 
"OLDEST AND LARGEST EXCLUSIVE MFRS. OF 


HEAT & CORROSION RESISTANT CASTINGS" 
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TRAY FIXTURES 


REVERSIBLE GRID FOR 
DIFFERENT OIL WELL 
CUTTER ARMS 
POSTS CARRY LOAD— 
PROVIDE SPACING 


CRISS-CROSS GRID— 
OPENINGS DESIGNED 
FOR PARTS HANDLED 


GRIDS DOUBLE DECKED 
—ALSO USED ON 
PRODUCTION LINE 

FOR MINIMUM 
HANDLING 


UPPER GRID—WITH 
CURVED CONNECTIONS— 
HEIGHT ADJUSTABLE END RACKS “H SECTION” SUPPORT 
LOCK IN BARS WITH 
TRAY OPENINGS DONUT TIE-THROUGHS 


TRAY FIXTURES 
ARE ENGINEERED 


| Provide efficient loading of parts 


Dimprove metallurgical uniformity of results by better 
atmosphere and quench circulation 


Keep labor costs down by handling and loading con- 


venience 


LOWER GRID FOR 4Give low service cost, by using design and production 
POSITIVE LOCATION practices proven superior by the records of our cus- 
AND SUPPORT tomers 


LET US WORK ON YOUR TRAY FIXTURE PROBLEMS 
—YOU WILL LIKE THE RESULTS 


A-\ULOY SWGINEERING (0). 


1700 W. WASHINGTON ST., CHAMPAIGN, ILL. TELEPHONE FLEETWOOD 6-2568 


FOR DRIVE PINIONS— 
4 GEARS ON 2 LEVELS | 
| 
ia 
<>. <> 
| TT) — — — 
| 
AND PRODUCERS OF HEAT AND CORROSION RESISTANT CASTINGS 
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helps keep 
jet aircraft where 
the money 1s 
the arr 


Big jet aircraft make money only when they are in the air. 
Every minute they are earthbound is costly. You just can’t 
take chances on failure of aircraft engines from fuel contami- 
nation, or on failure of refueling equipment. That’s why those 
parts of Brodie BiRotor refueling meters and control valves 
that come in contact with the fuel are chemically plated with 
KANIGEN nickel alloy. 

Brodie BiRotor meters have been used for controlling aircraft 
refueling for many years, and their internal parts have been 
KANIGEN-coated ever since this highly accurate method of 


' plating difficult or complicated surfaces was perfected. 


Do you have a corrosion or contamination problem? Is it a small 
part like the Brodie meter housing? Or is it a surface as large 
as the inside of a 20,000 gallon tank car? Whatever it is, there’s 
a way to solve your problems with KANIGEN chemical nickel 
plating. Write or phone the nearest General American office. 
It pays to plan with General American. 


KANIGEN DIVISION 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


135 South LaSalle Street 
Chicago 3, Illinois 
Offices in principal cities 
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we’re talking here to analytical chemists, crystallographers and metal- 
lurgists who know their way around x-ray diffraction and 
x-ray fluorescence analysis equipment. To people like you 
the importance of the advances cited below will be abun- 
; dantly clear. To others of lesser technical background, any 
local Picker representative will be glad to explain their 
significance in terms of greater analytic versatility, easier 
operation, more accurate results. 


The big central access port in the diffractom- 
eter permits quick set-up of vacuum or 


helium path attachments with neat disposi- 
— tion of wires, vacuum and gas lines, etc. 


unique |Biplane Diffractometer|is just one 


of many reasons why new Picker equipment 


for X-ray Diffraction and Fluorescence Analysis 
lets you do V more Veasier taster more accurately 


because it’s the only one that lets you 


handle any kind of specimen—solid or liquid—with equal ease 
because you can operate it horizontally (as shown above) or vertically (as in 
tint panel) or even run two diffractometers simultaneously 


rotate sample independently about diffractometer axis for special 
precision-procedures . Makes for jiffy alignment of 
specimen or analyzer crystal, or detection of preferred orientation 


increase or decrease the take-off angle (down to zero, if you like) 
without having to realign the x-ray tube 


save hours fussing with x-ray tube alignment because the tube mounts directly to the 
diffractometer: once aligned it stays that way permanently. You can even interchange x-ray 
tubes without having to realign 


vary scanning pattern and technic from remote control—choosing 
continuous scan or step scan (with selectable increments) or oscillation: manual or motor-driven 


some other reasons include a spanking-new completely integrated Radiation Analyzer— 
first electronic ensemble designed specifically for x-ray diffraction. 
Digital printout by preset time or preset count. KV and MA Monitor Control 
for high-precision reproducibility. New camera-type diffraction 
table with A.C.A. accepted dovetail tracks... 


dozens more. . . but, alas, we have to stop somewhere. Get the full story on this 
remarkable new equipment from your local Picker representative (see phone book) or 
write Picker X-Ray Corporation, 25 South Broadway, White Plains, New York. 


if it has to do with RADIATION [it has to do with (—_—_—n 
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the most DYNAMIC 
ATTRACTION 


a show ever had! 


the 1960 PHILADELPHIA 


42nd NATIONAL METAL CONGRESS & EXPOSITION 
Philadelphia Trade and Convention Center + Oct. 17-21, 1960 


EXHIBITORS 
FROM ELEVEN 
METALS AREAS 


. Ferrous Metal Producers 
and Distributors 


. Nonferrous Metal Producers 
and Distributors 


. Related Engineering Materials 
. Nuclear Materials and Equipment 


. Tool Materials, Cutting-Off 
-and Forming Equipment 


. Industrial Heating Equipment 
and Supplies 


. Cleaning and Finishing Equipment 
and Supplies 

. Welding and Joining Equipment 
and Supplies 


. Testing, Inspection and Control 
Equipment and Supplies 

. Production and Casting Equipment 
and Supplies 

. Parts, Forms and Shapes for 
Design and Applications 


Exhibitors at the Philadelphia Metal Show 
will gather their customers and prospects 
from the broad metalworking industry, in- 
cluding automotive, aircraft, appliance, 
ordnance, farm machinery, electrical ma- 
chinery, instruments, and miscellaneous 
metalworking manufacturers . . . creating 
a thriving, effective, profitable market- 
place. If your potential for sales lies in 
any of these areas, the Metal Show 
should take priority in your sales plan 
for maximum impact in the Soaring Sixties. 


Floor Pian Folders are now available — 
for complete information, consult the 
ASM representative nearest to you, or 
write direct. 

NEW YORK — OXford 7-2667 

CLEVELAND — JOrdan 4-2271 

(Novelty, Ohio) 
CHICAGO — WAbash 2-7822 


Steel, the sinew that binds the strength of America, will serve as a magnetic 
attraction to call attention to every area of metals technology, ferrous and 


nonferrous, at the most metallic of all Metal Shows — the 1960 Philadelphia 


Metal Show, now blue-printed and ready to grow into its full dimensions. 
This new emphasis on the essential metals of industry reflects a growing 
specialization . . . a focusing of attention . . . to yield a greater benefit. 

In the evolution of the Metal Show, the time for such refinement has come. 
Now it is possible to achieve a concentration on materials 

that is unsurpassed anywhere for an intensive person-to-person 
interchange of information. The STEEL ARENA is the threshold to a 
whole new world of metals within the exhibits and technical sessions. 
The pre-eminence of a Metal Show of these dimensions is worth your 
closest consideration as an exhibitor — you are invited to share its 
benefit in any of the eleven areas of metals listed. 


MAKE PLANS NOW 
TO EXHIBIT AT THIS GREATEST OF ALL METAL SHOWS! 


AMERICAN SOCIETY FOR METALS AS 
Metals Park * Novelty, Ohio 
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... a benefit to’ every exhibitor 


METAL SHOW 


Theme Symbol .. . toweringabove the 
colorful, idea-full STEEL Al A, an 
exciting presentation that adiate 
its effect throughout the exposition halls to 
provide a spectacular showrase for all metals 


and their related a products. 


This advertisement ts currently appesr STEEL, METALPROGRESS and SALES MANAGEMENI 
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*Superior Tool Steel Tubing 


TubeXperience in action 


ODDS: 1000 TO 1 TO CUT COSTS, IMPROVE 
PERFORMANCE IN 1001 DIFFERENT APPLICATIONS 


Superior tool steel tubing is an excellent material for tools, but 
equally good for 1001 other applications. Odds are that it will 
cut costs and improve performance wherever it is used. Type 
E-52100, an oil hardening grade of high-carbon and chromium 
alloy steel, has been widely used for such diverse applications 
as thread guides on hosiery knitting machines, nylon yarn 
guides, ball bearing races, nozzles for blast cleaning equip- 
ment, gear and pinion parts, dental instruments and extrusion 
mandrels. Type E-1095, a high-carbon steel tubing, is serving 


as applicators for jewelers’ oilers, leather and paper punches, 
and surgical instruments. 

Perhaps you have an application that can benefit from high 
strength and hardness, good wear resistance, abrasion resis- 
tance, shock resistance, and notch toughness. In that case, 
consider Superior tool steel tubing before you go any farther. 
It could give you a better product at a lower cost. Send for Data 
Memorandum #14, a handy guide to your thinking. Superior 
Tube Company, 2008 Germantown Ave., Norristown, Pa. 


The big name in small tubing 


NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 24 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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DESIGNED FOR RELIABILITY THROUGH 
DAYSTROM-WESTON “UNITIZED” CONSTRUCTION 


DAYSTROM-WESTON RECORDER 
HANDLES 2 TO 24 POINTS—WITH 
EASY INTERCHANGEABILITY 


Proven in service by industry, the Model 6702 multi-point 
recorder accommodates up to 24 points in a single, compact unit. 
Number of points can be changed quickly. Accuracy is within 
+0.25% of span or +.025 mv on potentiometer. 


Model 6702 features simplicity of design and performance. 

It has replaceable range standards and a plug-in amplifier. 
Printing and chart speeds are easily changed. Other advantages 
include the Weston D-PAK ‘™™) which eliminates 

standard cells, batteries and standardizing mechanisms . . . 
and a unique printed circuit switch is geared directly 

to the printing head. 


Model 6702 is 39% smaller than the average multi-point 
recorder, and offers the convenience of rack mounting. 
It is designed and manufactured with traditional 
Weston craftsmanship to provide years of dependable, 
trouble-free service. 


Ask your iocal Weston representative for complete information 
on this and other Weston instruments for industry, or write 

for Catalog 08-101-A. Weston Instruments Division, 

Daystrom, Inc., Newark 12, New Jersey. 

In Canada: Daystrom Ltd., 840 Caledonia Rd., 

Toronto 19, Ontario, Export: Daystrom’s International Sales 
Division, 100 Empire Street, Newark 12, New Jersey. 


Model 6702 uses full-size chart. Points: 2, 
3, 4, 6, 8 10, 12, 14, 16, 18, 20, or 24. 
Printing speeds: 3 to 60 seconds per point, 
readily changed. Operation: 115 volts, 60 
cycles or 115 volts, 50 cycles. 


=, 
DAYSTROM,, incorporated 


tw weston INSTRUMENTS DIVISION 
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This is the button to push when... 


you decide that what you and your company vitally 
need is a way to keep fully informed. 


This is the button to push when you realize that outdated, page-by-page . 
searching for technical data is costing your company needless money, 
time and energy. 


Today you can depend on ASM and electronics to cover the world of 
published information for you. Information Searching, the newest ASM 
service, now makes it possible for any firm, large or small, to be fully 
informed and up-to-date on all published data and developments in any 
metals field. 


How? Information Searching is coding, on electronic tape, every current 
metals article from thousands of the world’s leading magazines . . . plus 
patents, books, government reports, everything published. If you want 
to know the latest published information on “vacuum melting and pour- 
ing,” for instance, ASM sets its electronic searching selector—pushes the 
button—and from the machine come digests of all articles published 
currently on that subject. And it works like this for any metals subject . . . 
complete coverage of the world of technical literature. 


ASM’‘s Information Searching is a most important advance in modern 
research tools, a major breakthrough for the solution to metals problems. 
For firms of any size, it can inexpensively provide what until now was 
impossible: a complete and continuing world library of specific information 
without the turning of a page. 


A descriptive booklet will answer any questions you may have—how 
Information Searching can save you and your firm the time and money 
now spent for page-by-page literature searching—how it can keep you 
completely current. For your copy, jot down your important subjects in 
the space provided and then return the coupon. No obligation. 


1 am interested in: Current literature searching [| Bibliographic searching of previously published 
literature [] on the following topic(s) 


(Use additional sheet if necessary to describe your problems in detail.) 


Zone State 


MP-6 


AMERICAN SOCIETY FOR METALS, Documentation Service—Novelty, Ohio 
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New booklet on A-L’s precipitation-hardening 
stainless steels, AM-350 and AM-355 


A tool for anyone interested in 
high strength-to-weight metals 


In this technical booklet, you get the facts on Alle- 
gheny Ludlum's precipitation hardening stainless 
steels, AM-350 and AM-355, metals developed for 
space age requirements. 

AM-350 and AM-355 combine these unusual qual- 
ities. They are easy to fabricate. Have high strength- 
to-weight ratios at room and elevated temperatures 


combined with excellent resistance to corrosion. 

The physical and mechanical properties of the two 
metals are described in 33 charts and tables. Included 
are heat-treatment and fabrication data, eight photo- 
micrographs and a section on corrosion resistance 
with representative values in selected environments. 

It’s jam-packed with data. For your free copy, see 
your A-L representative or write Allegheny Ludlum 
Steel Corporation, Oliver Building, Pittsburgh 22, 
Pa. Address Dept. MP-6. 


ALLEGHENY LUDLUM 


EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 
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How they’re using 
Wallace Barnes Cold-rolled Specialty Steels 


1. In Three Drawing Stations 


The part shown in illustration one was made from 
.59 - .74% carbon steel in three drawing stations. From 
.70 — 80% carbon, this piece should have four or five 
drawing stations. The piece could be made from 
.90 - 1.05% carbon, but would require seven drawing 
stations with fully annealed steel. 


2. Blanked on 45° Angle 


The stamping shown in the second illustration was 
made from .70-.80% carbon spring steel. It was 
blanked and pierced on a 45° angle, with small holes 
pierced to prevent fracture in later forming and bending. 
It was then given severe secondary forming. The small 
tab shows “orange peel’’ and probable fracture would 
occur if the part were formed from .90 — 1.05% carbon. 


3. All Flanging One Operation 


Our third part is a gun stamping made from .70 - 
80% carbon with a sharp bend with the grain in one 
stroke of the press. Higher carbon will fracture due to 
its less ductile qualities. 


4. Thirteen Steps Progressive 


The fastener shown in the fourth illustration was 
made from the .59 — .74% carbon steel, the only spring 
steel which would take the bends and draws to which 
it is subjected here. All the higher carbon steels were 
rejected because they failed under the cold-work neces- 
sary to produce the two small extrusions. It took seven 
reductions to bring these extrusions within tolerance. 
There were thirteen steps total in the progressive die. 


These examples show how proper steel selection may save opera- 
tions and insure satisfactory performance. Among the many sizes 
and types of Wallace Barnes cold-rolled specialty steels is the right 
one for your application. Send 

for “Physical Property Charts’ 

giving tensile strength and form- 

ing properties of Wallace Barnes 

tempered steels. 


Associated Spring 
Wallace Barnes Steel Division 
Bristol, Connecticut 


Corporation 
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Another report on Lehigh H tool steel— 


“good machinability . . . very low distortion” 


7-STAGE DIE FORMS 
AUTOMOTIVE DECK HINGE PART 


This 7-position progressive die of 
Bethlehem Lehigh H tool steel was made 
recently by Hillside Tool & Die Company, 
Roseville, Michigan, for the production 
of an automotive deck hinge part, from 
13-gage sheet steel. The die, made from 
Lehigh H supplied by our loeal distribu- 
tor, Peninsular Steel Co., Detroit, was 
hardened to Rockwell C 60. It was used 
in a 400-ton press. 

When asked about the performance of 
the tool steel, a Hillside engineer re- 
ported, “We like Lehigh H in jobs of 
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this type because of its good machin- 
ability, and its very low distortion during 
heat-treatment. The die was placed in 
service with hardly any stoning neces- 
sary.” 

Bethlehem Lehigh H (AISI D-2) is 
our easy-machining, high-carbon, high- 
chrome grade of air-hardening tool steel. 
It has outstanding wear-resistance, due 
to its excellent carbide distribution. 

Your Bethlehem tool steel distributor 
can give you full details on Lehigh H... 
and he has many sizes in stock. 


Circle 2170 on Page 48-B 


BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 


Here's how to 
shrink-fit tool inserts 


Shrink-fitting of tool steel inserts, com- 
monly used in improving the service life 
of tools, is most applicable to rings and 
cylinders used in heading and drawing 
operations, where the tools ean be shrink- 
fitted into large retaining rings. The 
shrink-fit sets up radial compressive stress 
in the tool. This serves to oppose radial 
tensile stress set up in service, thereby 
improving the performance over solid 
tools which are not pre-stressed. 
Here’s how to do it: 


1. The retainer should have adequate di- 
ameter and strength to provide the 
stresses required on the tool insert. Gen- 
erally, an alloy steel capable of hardening 
to 300-400 BHN is used. Shock-resisting 
tool steels, heat-treated to Rockwell C 
48-52, are recommended for heavy-duty 
applications. The OD of the retainer 
should be at least twice, and preferably 
three times, the ID. 


2. Allow for a shrink-fit of .003/.004 in. 
per in. Thus the OD of the insert is 
.003/.004 in. per in. larger than the ID 
of the retainer into which it is to fit. 
These dimensions must be maintained to 
obtain the benefits of shrink-fitting. 


3. It is important that the OD of the 
insert and the ID of the retainer have a 
smooth finish, preferably produced by 
grinding. 


4, Heat the retainer to a temperature 
sufficient to cause the expansion required 
in assembling the insert. Do not exeeed 
the tempering temperature used in heat- 
treating the retainer. If necessary, the 
insert may be sub-zero cooled, to help 
provide the proper clearance for 
assembly. 


5. After assembly of the parts, the as- 
sembly should be cooled rapidly. This 
will prevent over-tempering of the insert 
by heat transferred from the retainer. 
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THE BIGGEST INDUSTRIAL HEATING JOB 
: CAN BE ENTRUSTED TO LINDBERG’S 
: PLUS DIMENSION IN SERVICE 


THERE’S LINDBERG EQUIPMENT FOR 
EVERY INDUSTRIAL HEATING NEED 


Endothermic 
Atmosphere Generator 


igh Frequency Unit 


Graphite Tube 
Pilot Plant Furnace 


The plus dimension in service Lindberg offers today 
can provide a complete answer to any problem re- 
quiring the application of heat to industry. Give 
us your specific requirements for a part or a prod- 
uct and we will develop the right processes, design, 
engineer and install equipment and facilities. ; 
This service covers broad requirements—from lay 
plant layout and construction to automated pro- ee, 
duction lines, or just specially engineered industrial 
heating equipment efficiently integrated into your 
production processes. For example, Lindberg 4¢ 
Industrial Division has recently completed or is in 
the process of installing such varied projects as: 
e Complete plant layout and equipment for ‘ 
brazing honeycomb 
e Complete installation for heat treating raw : 
aluminum products including furnaces, es 
foundations, roof and lighting 
e A fully automated production line for heat 4 
treating plow shares 
e Two large ceramic kilns embodying a new 
concept of making high-refractory bricks 
e Complete, automated production line for 
enameling and drying hot water heaters I 
You obtain many advantages from Lindberg. You x 
get the combined skills of what we believe to be 
the country’s finest group of engineers and tech- 
nicians in the industrial heating field. Our experi- 
ence covers the whole range of “‘heat for industry” 
methods so you can rely on us to recommend the 
most suitable equipment and processes. You will 
get your installation from one responsible source, 
guaranteed to achieve the results you need and 
ready to go to work at the turn of a switch. 
Lindberg Industrial Division, Lindberg 
Engineering Company, 2448 West Hubbard Street, 
Chicago 12, Illinois. Los Angeles Plant: 11937 
South Regentview Avenue, Downey, California. 
In Canada: Birlefco-Lindberg, Ltd., Toronto. 


? 
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This Lindberg installation at Stewart-Warner Corporation, Indi 


Design of unit permits convenient movement 
cores through pre-heat (foreground) 
holding section (at far end). 


; 
- 


/ 


polis, combines (1) Pre-heat Furnace (2) Holding Furnace and (3) Lindberg-Upton Sait Bath Furnace. 


LINDBERG SUPPLIES COMPLETE INSTALLATION FOR 
DIP BRAZING ALUMINUM HEAT EXCHANGER CORES 


Brazing large aluminum plate-and-fin heat ex- 
changer cores requires close tolerances and precise 
controls. Stewart-Warner Corporation, Indianap- 
olis, chose Lindberg Industrial Division to design 
and install the right equipment to perform this 
exacting process efficiently and economically. The 
main unit, shown above, combines Lindberg Pre- 
heat and Holding Furnaces and Lindberg-Upton 
Salt Bath Furnace. Cores are brought to the de- 
sired temperature, moved to holding furnace sec- 
tion, then lowered into the salt bath. Automatic 
controls maintain required salt bath temperature 
to extremely close limits. Brazed cores are raised 


000 sq. ft. or 


if 
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The aluminum heat exchanger cores being 
in the unit have heat transfer 


to holding furnace for drainage, moved through a 
cooling chamber, steam cleaning booth and five 
dip rinse tanks for thorough cleaning. This in- 
stallation is another example of the complete de- 
sign, engineering and installation service Lindberg 
Industrial Division offers industry. Whenever you 
have a product or process requiring the applica- 
tion of heat, consult your local Lindberg Field 
Engineer, (see your phone book) or write us direct. 
Lindberg Engineering Company, 2448 West Hub- 
bard St., Chicago 12, Iliinois. Los Angeles plant: 
11937 South Regentview Ave., Downey, Califor- 
nia. In Canada: Birlefco-Lindberg, Ltd., Toronto. 


Lindberg-Upton Salt Bath Furnace in unit features 
excly 


SECURITY 


Is A Sunday Picnic That Is Free From Worries Of Monday 


Security results in the feeling that you’re doing your best to 
be a good provider. But being that thoughtful breadwinner is 
not an easy job. You’ve got to keep an eye on the future and 
at the same time use the present for all it is worth. 


This may be true in your case. You are part of an industry 
that is advancing in great, leaping strides . . . leaving be- 
hind it a pile of outdated methods, unusable tools and shop- 
worn formulas. More severe, industrial progress is leaving 
behind the men who can’t keep up the pace, who stop learning. 
For them, security is in doubt. 


How do you feel? .. . secure enough to say that a little studying 
at home won’t make you more capable on the job? Secure 
enough to say that more education isn’t necessary to your ca- 
reer in industry .. . that you will advance to the job you want 
—in the field you want—with the knowledge of metals and 
processing you now have? Secure enough to stop learning? 


Listed below are the home study courses now offered by ASM’s 
Metals Engineering Institute. These courses have earned the re- 

R 
spect of thousands who have enrolled in MEI. They offer compre- EQUEST FOR CATALOG 
hensive instruction of very high caliber. In these courses you can BY. 
find the additional training that results in more security for you 
and those who depend on you. TITLE 


COMPANY 


Elements of Metallurgy Copper, Brass & Bronze 

Survey of Steel Plant Processes Titanium STREET 
Blast Furnace Operation Recovery of Lead and Zinc city 
Metals for Nuclear Power Steel Foundry Practice 

Machining Gray Iron Foundry Practice COURSE OF INTEREST. 
Heat Treatment of Steel Oxy-Acetylene Welding 
Fundamentals of Ferrous Metallurgy Arc Welding 
High Temperature Metals Welding Metallurgy 
Stainless Steels Heat Treating Principles 


and Metal Finishing Metals Engineering Institute 


ONE... STATE... 


each course in detail—authors, lesson titles and descriptions. A | METALS PARK, NOVELTY, OHIO 


Return the coupon at right for your MEI catalog which describes AMERICAN SOCIETY FOR METALS cy 
ACCREDITED MEMBER 
catalog will be sent at no obligation. 
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Forge shops save money 
and increase production 
with these Salem-Brosius furnaces 


Salem-Brosius furnaces are favorites in shops 
that forge stainless steels, titanium, zirconium, 
aluminum, and many of the refractory alloys 
used in jet engines and missiles, as well as the 
full range of carbon steels generally employed. 
The battery of batch furnaces above is now in 
continuous operation in the plant of one of the 
nation’s outstanding forgers of newer alloys. 
The rotary hearth furnace below heats bar stock 
for closed-die automotive forgings. 

Forge shop operators specify Salem-Brosius 


furnaces because they are built for long service 
life with common-sense structural, refractory, 
and mechanical characteristics. Designed for 
manual or automatic charge and discharge, ro- 
taries such as this offer efficient, low-cost heat- 
ing. They can be manually or automatically 
controlled, and offer assurance of fast and uniform 
output at high speed in a minimum of floor space. 

Whether you require these or any other type 
of heating or heat-treating furnaces, Salem- 
Brosius can build them. Call us today. 


PITTSBURGH, PENNSYLVANIA 
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Hypersonic flights of tomorrow will depend on lightweight, 
high-strength materials for high-temperature applications. 
To meet these requirements, engine builders are turning to 
Wah Chang Corporation, the world’s largest producers of 
high-purity columbium and columbium base alloys...made 
by vacuum electron beam and vacuum arc melt processes. 
WCC casts columbium ingots up to 17” in diameter and 
weighing as much as 3000 lbs. From these ingots WCC ee a 
fabricates under the strictest quality control bar, rod, your specific requirements to: 
sheet and tubing to meet customers’ specifications. WAH CHANG 


Design engineers depend on the combined metallurgical CORPORATION 
skills and product reliability of WCC... leading produc- 233 Broadway 
ers of high-temperature metals for over 41 years. Major New Vork 7, M. Vv. 
suppliers to engine, airframe and missile manufacturers, BRINGING TOMORROW CLOSER WITH NEW METALS 
Wah Chang Corporation also produces and fabricates 
Hafnium, Zirconium, Tantalum, Tungsten, Molybdenum 
..-employing the most rigid quality controls from 
raw material to finished product. 


built-in thermal safety at mach 2 and beyond 


Y 
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Subject Index 


The subject headings used in this index are chosen in accordance with 
the ASM-SLA Metallurgical Literature Classification, International (Re- 
vised) Edition, published by the American Society for Metals, 1958. 


Aging of Normalized Steels, by T. V. 
Cherian and N. J. Wadia 3-232 

The Earliest Days of 
Hardening, by W. A. Mudge.................. 4-79 


Aircraft 
Advances in Aircraft and Missile Tech- 
nology Revealed at Dallas Meeting....6-68-A 
— Power for Aircraft and Mis- 


(aa) 

Flight in the Thermosphere, Pt. 1. Ma- 
terial Requirements for Therma! Pro- 
tection Systems, by William S. Pellini 
and William J. Harris, 

Flight in the Thermosphere, Pt. 2. Ma- 
terials for Nonmelting Heat Sink 
Systems, by William S. Pellini and 
William J. Harris, Jr............... 

Flight in the Thermosphere, Pt. 3. 
terials for Ablation, Sublimation and 
Transpiration Systems, by William S. 
Pellini and William J. Harris, Jr..... 

Flight in the Thermosphere, Pt. 4. Ma- 
terial Requirements for Radiative 
Systems, by William S. Pellini and 
William J. Harris, 

More on Flight in ‘the Thermosphere, 
by William J. Harris, Jr., and hater 
S. Pellini (c) 

Titanium and Steel in Aircraft (d)- aes 

Titanium in Aircraft (d) 196 


Aluminum 
Aluminum Gains in the Automotive is 


Chinese Aluminum 

Electroforming a for 
Wind Tunnel, by G. Sutila 

Improved Aluminum a for Bright 
Anodizing, by F. Howitt and I. H. 
Jenks 1-87 

Treating of Molten Aluminum, by H. 
Eisenreich and M. G. Neu (d)............2-164 


Aluminum alloys 
Al-Zn-Mg Alloys, by W. Patterson and 
S. Engler (d) 1 
Explosive Forming Studies, by J. 
O’Brien and R. S. Davis (d) 
Improved Light-Alloy Castings .. . 
Continentas Appraisal, by L. G. 


in Aluminum — X2020, 

E. H. Spuhler, A. H. Knoll, and J. 

Kaufman ....... 
Porosity in Aluminum Alloy Welds, by 

F. R. Collins (c) 3-130 
Stress-Relief of Forgings, by R. Small- 

man-Tew (d) 3-152 
Welding Light Alloys, by W. G. Hull 

and D. F. Adams (4) 


Aluminum casting 


8 
Aluminum Castings in Automobiles, by 
R. F. Th (d) 2-153-A 


Ancdising 
Bright nodizing Aluminum, by R. 
Peek and A. W. Brace (d)........ ..5-210 
Improved Aluminum Alloys for Bright 
Anodizing, by F. Howitt and I. H. 
Jenks 1-87 


Atomic bombs 
Peace by “Balance of Terror” (aa)........2-126 


Atomic energy 
Atomic Power for Aircraft and Missiles 
6-124 


(aa) ..... 
Materials Progress in Direct Conversion 
of Nuclear Energy (tn) 
Austenitizing 
Austolize or Austulize, by P. Payson (c)..4-180 


Automobiles 
Aluminum Gains in the Automotive 
Field (tn) 2-65 
Aluminum Castings in Automobiles, by 
R. F. Th d 2-1538-A 
Auto Makers Set Pace in Materials and 
Processing (tn) 5-65 
Flat Polished Sheet for Auto Bumpers, 
Staff Report 3-108 
Flow Coating of Auto Body Parts (sr)..6-134 


Bearings 
Materials Progress in Nonmetallic Bear- 
ings and Ceramic Insulation (tn)...... 4-68 
Materials Progress in semeamunantie for 
Bearings (tn) ... .- 2-68 
Silicon Affects Friction “and Wea 
D. H. Buckley and R. L. 6-208 


Beryllium 
A Bargain in Beryllium, by Frank 
Kerze, Jr. (c) 4-130 
Beryllium Fasteners Offer Special Prop- 
erties (tn) -67 
Hot Pressing Powders in England, by 
Alan Blainey 1-104 
Precision Cold of » by 
R. A. Quadt ...... --5-121 


Biographies 
Walter Crafts, ASM’s President for 
1959-60, by Russell Franks 
rick C. Young—Metal Progress’ 
Biographical Dictionary, by Joseph 


Blast furnace practice 
Granulation of Pig Iron, by Tom Bishop ‘ 
5-136 


Bonding, diffusion 
Bonding by Isostatic Pressing, by * 
Fugardi and J. L. Zambrow (d) . ....6-200 


Boron 
How Boron Affects Corresion of Type 
304 Stainless, by J. W. Farrell and 
P. C. Rosenthal 2-101 


Brazing 
Dip Brazing Speeds Joining, by E. G. 
Slotta (sr) 2-132 
Brazing Experiments, 
R. Ruppender ....... -95 
Nex Techniques Extend Potential ‘for 
Brazing, reported by R. C. Bertossa..4-68-C 


Brittleness 
Embrittlement by Hydrogen and Other 
Interstitials, by Alexander R. Troiano..2-112 
Hydrogen Embrittlement in Copper, by 
Mattsson and Franz 
( 


Bronze 
Bronze Plating Solves Finishing Prob- 
lems, by F. A. Lowenheim 6-1 


Carbides, cemented 

New Carbide for High-Speed Cutting; 
Ingot Structure Emphasized in Tool- 
steels, by W. E. Montgomery and E. 
W. Kalb 5-111 

Throw-Away Inserts With Carbide Ele- 
ments Offer New Concept of Econ- 
omy, by Dennis G. Jones........................5-108 


Cast iron 
Modern Practice of Flame etnies, 
by M. R. Scott. 4-69 
Properties of Malleable Iron at Ele- 
vated Temperatures, by L. C. Mar- 
shall, G. F. Sommer and D. A. Pear- 
son 3-102 
Tin Improves Wear Resistance of Cast 
Iron (tn) . 6-67 


Casting, continuous 
Continuous Casting in England, 
Halliday (d)... 

Continuous Casting in Russia, by 
Boichenko, V. S. Rutes, D. P. Evteev 
and B. N. Katomin (d)... siemens 

Freezing of Continuous Casungs, 

M. Tenenbaum, C. F. Schrader and 
L. Mair (d) .... 


Casting, investment 
“Lost Styrene” Instead of “Lost Wax” 


Ceramic coating 
New Steel for Porcelain Enamel (tn)... 


Ceramics 

Materials Progress in Ceramic Honey- 
comb (tn) .......... 

Materials Progress in Ceramics and 
Graphite (tn) ........... 

Materials Progress in “Ceram 
Graphite (tn) ....... 

Materials Progress in “Nonmetallic Bear- 
ings and Ceramic Insulation (tn) 


Chromium 
Better Plate for Zinc Parts, Staff Re- 
port ...... 
Coatings of Chromium | ‘(d).... 
Corrosion Testing Chromium-Plated 
Articles, by J. Edwards (d) 


Chromizing 
Bright Chromizing, by P. Galmiche (d)..4-204 


Clad metals 
Cladding Steel with Titanium . . 
Progress Report, by J. L. Ma ion 
Cc. Wright, or. .- 5-76 
Stresses in High- Temperature Corrosive 
Environments, by William H. Funk.. 5-71 


Cleaning 

Cleaning Missile Tanks by Vapor De- 
greasing, Staff Report ......... 

How to Determine Requirements | “for 
Rinse Water in Plating Processes, by 

. W. Parker ~. 

How to Get the Most from Solvent- 
Vapor Degzensine. by T. J. Kearney 
and C. E. Kircher....................... 4-87 ; 

More Uses for Ultrasonic Cleaning (tn) 

Rinse Water Requirements in Plating 
Processes, by J. B. Kushner (c) 


Coloring 
More Color for Metals .. . 
for Designers (tn) 


New Vistas 


Columbium 
Columbium Alloys Today, by L. P. 
Jahnke, R. G. Frank and T. K. 
Electropolishing of Columbium and 
Tantalum, by O. J. Krudtaa and K. 
Stokland 1-101 


Controlled atmospheres 
Molecular Sieves in Atmosphere Con- 
trol, by Herbert W. Westeren................ 2-75 


ydrogen Embrittlement in Copper, by 
Einar Mattsson and Franz Schuckher 


(d) 
Welding ‘Copper Alloys, by C. A. “Terry 
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(aa) Atomic Age; (br) Book Review; (c) Correspondence; (cp) Critical Points; (d) Digest; 


(ds) Data 


eet; (lm) Light Metallurgy; (sr) Short Runs; 


(tn) Technical News 
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Corrosiun 
Caustic Cracking of Steel Pipe, by H. 
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(d)....-.. 
Mews on Corrosion From S.A.E. 
ing (tn) 
Symposium on Atmospheric Ce 
d 


Residual Stresses in Heat Exchanger 
Tubes 5-84 


Corrosion resisting materials 
Criteria for Selecting Metals Used in 
Chemica! Plants, by George A. Nelson 5-80 


Corrosion tests 
Corrosion Test, by D. M. Biggs (d) . ae 
an 
Type ‘316 L Weld Metal (c)... 


Creep strength 
Vacuum Furnace for Creep-Rupture 
Testing, by T. F. Hengstenberg and 
6-04 


Crystal structure 
A Crystal’s Lament, by H. D. Block 
(im) 3-1 
Metal Surfaces (d) 
Silicon-Iron Orientations, “by P. 
Richards (d) 


Cutting tools 
Throw-Away Inserts With Carbide Ele- 
ments Offer New Concept of Econ- 
omy, by Dennis G. Jones.......................- 


Dies, die casting 
Air Hardening Grade and Vacuum De- 
gassed H-13 Offer New Possibilities, 
by Charles T. Evans, 5-105 
Die Steel for Plastic Molds and Die 
Castings Has Higher Hardenability, 
by M. J. Dempsey..... ...5-107 


Dies, forging 
Better Hot Work Toolsteels and Im- 
proved Forging Dies Benefit Fabri- 
cators, by Stewart G. Fletcher.............. 5-110 
Precision Forging up to Date, Staff 
port. .......... 


Dies, forming 
Carbonyl Nickel: New Idea for — . 
and Patterns (tn)... 
Molybdenum ... a Material for 
Extrusion am, by W. L. Steinbren- 


ner 
Plastic “Tooling "Proves Useful When 
Applied Within Its Limitations, Staff 


5-116 


Diffusion coating 
Bright Chromizing, by P. Galmiche (d)..4-204 


Documentation 
Service Expand- 
ed (tn) 3-6 


Drawing 
An English Metallurgist Looks at 
Progress in Metal Forming, by D. V. 
Wilson 1-71 
Design Characteristics in Drawing Metal 
Parts (ds) 5-100-B 


Dyzacking 
A New Metal Forming Process, by John 
A. Grainger (d) 2-19 


Education 
Training Metallurgists in the U.S.S.R., 
by Ian G. Slater 1-123 


Electric are steelmaking 

Electric Steel vienmunsoeeend by F. B. 
O’Mara (d) mie 4-214 

Mechanical Properties “of Low-Alloy 
Steels, by R. D. Engquist (d).............. 5-180 

Notes From Electric Furnace Confer- 
ence (tn) 

Pig Iron in Electric R. 
Durrer and G. Heintze (d)... ...6-232 


Electric induction furnaces 
World’s Largest Vacuum Induction 
Furnace, by J. W. Byrne..................--.. 48: 


Electroforming 
Electroforming a Liner for Mach-6 
Wind Tunnel, by G. E. Sutila............. 8-76 
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Heat Treating Electroless Nickel Coat- 
ina. va K. T. Ziehlke, W. S. Dritt, 
2-84 


Electron beam cutting 
Cutting by Electron Beam (d) 
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Advances in Metal Processing Solve Dif- 
ficult Problems, Staff 


Electron microscopy 
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Electron Microscope, by P. M. Kelly 
Electropolishing Techniques for Pro- 
ducing Metal Foils, by P. M. Kelly 
and J. Nutting (ds)............... ..6-100-B 
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Preparing Thin Films of Iron, by D. G. 
Brandon and J. Nutting (d)...............6-164 
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Porosity of Plated Coatings (d)- 

Rinse Water Requirements in 
Processes, by J. B. Kushner (9. 
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Metal Conference in Germany (d).......... 
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Fasteners 
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Failure in a Shaft, by Ariel Taub. 
Fatigue Testing in High- 

Controlled Environment, by G. 

Impact Fatigue, by B. N. Das and 
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Spray Application of Vinyl Dispersion 
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Serving a major aircraft and automotive parts manu- 
facturer, this Harper Elevator Furnace can be relied 
upon for top-caliber dry hydrogen brazing on every 
run. What’s more, it’s built for “fail-safe” operation. 


In the application shown above, fluxless copper 
brazing and bright hardening are performed simul- 
taneously within retorts to produce stainless steel jet 
engine sub-assemblies. The furnace is also utilized 
regularly for nickel alloy brazing and annealing a 
variety of other stainless steel parts. According to the 
user, there have been practically no rejects or reruns. 


One big reason behind this success is the modern 
gas flow control panel which was designed and sup- 
plied by Harper for governing atmosphere gases. With 
valves, flow meters, manometers, bubble bottles and 
test cocks neatly mounted and well illuminated, flow 
rates and pressures can be readily checked and 
adjusted. 


Safety is provided in a most positive way. For ex- 


ample, if the hydrogen pressure or the power supply 
fails, a safety solenoid shut-off valve automatically 
cuts off the hydrogen line, starts nitrogen flow and 
sounds a horn alarm. Nothing is left to chance. 


When you first plan to braze, anneal or harden 
stainless steel parts, you'll find it pays to talk it over 
with a Harper representative ... for Harper can build 
the furnace best suited to your needs: box, pusher, 
hump mesh belt, roller hearth, bell, elevator or pit. 


Harper's new booklet, “How to Braze Stainless 
Steels,” is yours for the asking. Write. Harper Electric 
Furnace Corp., 40 River St., Buffalo 2, N. Y. 


H ARPER ELECTRIC 


FURNACES 


FOR BRAZING, SINTERING, WIRE ANNEALING, BRIGHT ANNEALING, FORGING AND RESEARCH 
Circle 2174 on Page 48-B 


BERNARD 

S. LEMENT 
HAS WRITTEN 
FOR YOU... 


DISTORTION 
TOOL STEELS 


A NEW BOOK PUBLISHED BY AMERICAN SOCIETY FOR METALS 


Distortion in Tool Steels is a practical, easy-to-read book exploring the 
size and shape changes in tool steels which occur during and after processing. 

Readers will benefit greatly from the experience of its author. Dr. Le- 
ment’s background includes both theoretical and practical work in this field 
and in this book he has sorted the most useful data yet assembled on this 
expensive problem to industry. His comprehensive knowledge has resulted in 
this first-of-its-kind book for metals and materials engineers, tool engineers, 
designers, heat treaters, machinists, mechanical engineers and inspectors. 

Dr. Lement places particular emphasis on methods of heat treatment 
that are necessary for precise dimensional control. The problems encountered 
in the production of tool steel parts with extreme tolerances (cutting tools, 
dies, gages, ball bearings, valves, etc.) are treated in detail. 

Also, how to prevent significant changes in finish dimensions during 
storage or under normal service conditions is discussed. How to minimize or 
eliminate costly finish machining operations by scientific dimensional control 
is thoroughly explored. 

Tables, drawings, charts and graphs highlight the book’s eight chapters: 


1. CAUSES OF DISTORTION 5. HARDENING 

2. MEASUREMENT OF DIMENSIONAL CHANGES 6. COLD TREATING 
3. CALCULATION OF SIZE CHANGES 7. TEMPERING 

4. CONTROL OF DISTORTION 8. AGING 


If you are directly or indirectly related to the manufacture of tool steels 
or tool steel parts, Distortion in Tool Steels is a work of great importance. 
Dr. Lement writes to the men responsible for tool steel performance. His book 
represents an opportunity to become fully informed on size and shape changes 
in tool steels. Order your copy today. 


ORDER WITH THIS COUPON 


Distortion in Tool Steels—173 P.—8 chapters—illustrated—red cloth cover—6” x 9”—published by 
American Society for Metals—written by Dr. Bernard S. Lement—$10.00 per copy. 


Please send me ____________ copy/(s) of Distortion in Tool Steels 


Name_ 


Title. 


AMERICAN 


SOCIETY 
City. Zone METALS 


Enclosed find $____ Or: Bill me (J Bill Company [1] Metals Park — Novelty, Ohio 
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impractical 


Dependable DESEGATIZED’® XL° High Speed Steels 


...pacesetters for machinability since 1953 


For over 7 years, toolmakers have recognized the superior machinability of Latrobe's 
Desegatized XL high speed steels. They note a great reduction in surface finishing 
problems involving hobs, cutting tools and other components. Even where finish grinding 
is impractical, XL steels consistently meet requirements because... 

XL high speed steels are made by the Desegatized process of manufacture—a process 
involving unusual melting techniques employed by Latrobe since 1946. This process 
guarantees full structural uniformity of the steel—no harmful carbide segregations ... 
freedom from porosity ...and an even dispersion of the proper amount of alloy sulphides 
that promote better machinability. As a result, tools made of XL steels not only possess 
better machined surfaces—they are consistently tougher, respond predictably to heat 
treatment and wear longer. 

Latrobe regularly produces over 18 grades of Desegatized XL high speed steels, many 
stocked for prompt delivery from warehouse and mill stocks. For your next tool steel 
application ... call Latrobe! Our sales engineers will be pleased to provide technical 
assistance to help you select the right steel for your application. 


LATROBE STEEL COMPANY 
Manufactured LATROBE, PENNSYLVANIA 


by skilled 

American BRANCH OFFICES and STEEL SERVICE CENTERS: BOSTON « BUFFALO e« CHICAGO 

labor. CLEVELAND DAYTON DETROIT « HARTFORD LOS ANGELES'* «+ MIAMI « MILWAUKEE 
NEW YORK PHILADELPHIA PITTSBURGH SAN LEANDRO TOLEDO 
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Now In Operation 
THE FIRST 


FOR 

Tantalum Tungsten 
Molybdenum Columbium 
Refractory Alloys and Products 


: YOUR HANDY GUIDE TO THE FASTEST SERVICE EVER... 
EANSTEEL few Fansteel Warehouse Price and Stock List. Contact your Fansteel representative 
eT _.._ or write direct to Metals and Fabrication Division. 
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Now Order Refractory Metals Just As You Do Steel... 
from the New Fansteel Warehouse 


No more delivery worries. Just phone, wire or write... your 
request is immediately written up, checked and stamped “WARE- 
HOUSE”, which means “In Stock—Rush!” In the warehouse, your 
materials are selected from waiting shelf stocks, sheared, cleaned, 
packed, whisked to the shipping dock...and your order is on 
its way, warehouse to you. 

Complete warehouse service: cutting, slitting, other processing; 
... technical assistance to save you money, whatever your problem; 
... trained, experienced personnel to see that your order is shipped 
correctly and promptly. And ...as always, the best in tantalum, 
tungsten and other refractory metals from Fansteel ... but faster. 


As Fast, As Dependable As Requisitioning from Your Own Stockroom 


Establish regular production schedules and know they'll be kept 
without heavy inventory investments of your own. Accelerate your 
R&D schedules with the assurance of experimental quantities 
whenever you need them. Speed up your prototype or pilot runs 
with metals right off the Fansteel shelves. Just call Fansteel. 


All of These, Now Ready for Shipment 


...and more types and sizes added to stock every day— 


TANTALUM COLUMBIUM 
Sheet from .005 x 10 x 156” Sheet from .005 x 10 x 30” 
to .125 x12 x12” to .125 x12 x12” 
Foil from .00055 x 10 x Coil Rod and Wire from .002” to .250” 
to .004 x 10 x Coil 

Rod and Wire from .002” to .750” COLUMBIUM ALLOYS 

Fansteel 80" Metal 
TUNGSTEN Fansteel 82" Metal 


Sheet from .005 x 6 x 18” 
to .125 x 7x10” ACIDPROOF TANTALUM 


CHEMICAL EQUIPMENT 
Rod and Wire from .063” to .875” 
Bayonet Heaters 
Tapered Condensers 
MOLYBDENUM Thermowells MOLYBDENUM CRUCIBLES 
> Sheet from .005 x 6 x 30” sesame taenil MOLYBDENUM ELECTRODES 
to .125 x 12 x 30” 
TANTALUM SCREWS, MOLYBDENUM TUBING 


Foil from .001 x 4 x Coil 
. BOLTS, STUD 
to .004 x 4 x Coil oon, ave NICKEL-PLATED 


% Rod and Wire from .010” to 1.500” TANTALUM TUBING MOLYBDENUM SHEET 


FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois, U.S.A. 
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Also Tempil® Pellets 
and Tempilagq® (liquid form) 


= 

Tem °_a@ simple and 
accurate means of determining preheating 
and stress relieving temperatures in 
welding operations. Widely used in all 
heat treating—as well as in hundreds 

of other heat-dependent processes 

in industry. Available in 80 different 
temperature ratings from 113°F 

to 2500°F . . . $2.00 each. 


Send for free sample Tempil® Pellets, 
State temperature desired ... Sorry, 
no sample Tempilstiks’. 


Most industrial and welding supply 
houses carry Tempilstiks® ...If yours 
does not, write for information to: 


MARKETING DIVISION 


Tempil® corporation 


132 West 22hd St., New York 11, NEY 


Circle 2177 on Page 48-B 


FORINTERNAL INSPECTION 


\ 
@ 0.10’ AND UP. .. That's the poin 
of entry requirement .. . to provide you 

“sinspéctors the change to use the ou 
standing National Fontar Borescope an 

_ thus give*them the 

free; close-up view of the defect in “‘jn- 
accessible” interior surfacés of the cast, 

drawn, welded or molded product/. . . 


“~from*inches deep to many feet. / 


Find out how its-ise can be atime and , 
cost saver while it up-grades your Qual- YA 

“ity Control. Just send for our “Bore 
scope Catalog.” 


ENGELHARD HANOVIA, INCORPORATED 
NATIONAL ELECTRIC INSTRUMENT DIVISION 
92-21 CORONA AVENUE © ELMHURST 73, NEW YORK 
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y  PERECO 


vertical 


FURNACE 


with 


KANTHAL 
SUPER 


heating elements 


Incorporating KANTHAL SUPER heating 
elements this Model MTKS-312 Pereco 
Vertical Tube Furnace is designed for 
precise, wide-range control of tempera- 
tures to 1600°C. A 12” long hot zone is 
provided in a 8” I.D. x 30” impervious 
Mullite tube with the “Super” elements 
mounted vertically and parallel to its main 
axis. Counter-balanced, vertical-lift load- 
ing column is manually operated. Reactor 
“package,” strip chart recorder and con- 
trols are mounted in matching cabinet. 
Write for complete details. 


WRITE TODAY 
for 


get-acquainted 
bulletin 


Pereco builds standard or special furnaces 
for temperatures from 450°F fo 5000°F. 


Pereny Equipment Co., Inc. 


Dept. 9, 893 Chambers Rd. Columbus 12, Ohio 
Circle 2179 on Page 48-B 
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Other outstanding Shell 
Industrial Lubricants available world-wide 
Shell Tellus Oils — for hydraulic systems 
Shell Alvania Grease — multi-purpose in- 
dustrial grease 

Shell Turbo Oils—for utility, industrial and 
marine turbines 

Shell Rimula Oils —for heavy-duty diesel 
engines 

Shell Talona R Oil 40—anti-wear crankcase 
oil for diesel locomotives 

Shell Dromus Oils—soluble cutting oils for 
high-production metalworking 

Shell Macoma Oils — for extreme pressure 
industrial gear lubrication 


AN INTERESTING FACT! 


Every Shell Branded Industrial Lubri- 
cant is named for a sea shell. Shown 
here is the Voluta musica. 
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quenching equipment 


Around the world, Shell Voluta Oil 
is available—under the same brand 
name and providing the same out- 
standing quenching oil effectiveness. 
This is assurance that your customers 
abroad will enjoy the same perform- 
ance from your heat-treating equip- 
ment that domestic customers rely 
upon. 

Voluta® Oil is a stable, high-speed 
quenching oil that proves ideal in both 
Static and circulating quenching sys- 


Shell Voluta Oil is there 


tems. It offers two unique character- 
istics: (1) It remains stable at tempera- 
tures up to 180° F with no appreciable 
sludge formation. (2) It permits safe, 
rapid quenching of parts which or- 
dinarily have a tendency to become 
distorted. 

No matter where your quenching 
equipment is shipped, make Shell 
Voluta Oil your standard recommen- 
dation. Write for complete informa- 
tion. 


SHELL OIL COMPANY 


50 WEST 50TH STREET.............NEW YORK 20, N.Y. 
100 BUSH STREET... ...SAN FRANCISCO 6, CALIFORNIA 
IN CANADA: SHELL OiL COMPANY OF CANADA, LIMITED 


505 UNIVERSITY AVENUE 
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CLEANING 


PLATING 


POLISHING 


WICKELOID METALS 
SINCE 1098 


NICKELOID 
Short-Cuts 
Production Steps 


Nickeloid is more than a durable, 
lustrous metal...it is a basic idea, 
a method... providing important 
cost-saving short cuts. In the actual 
shop photo above a spot-welding op- 
eration is being performed, joining 
two sheets of bright finish Chrome 
Steel. These parts had been blanked 
and formed in a previous operation. 
Mar-Not protective coating is 
available to protect metal from 
marring during severe fabrication 
operations. This demonstration 
highlights the complete workability 
of these metals under day-to-day 
manufacturing conditions. Write for 
our “Introductory Kit,” which in- 
cludes metal samples. 


American Nickeloid Company 


Peru 2, Illinois 
Plants: Peru, Ul. and Wainutport, Pa. 


Circle 2181 on Page 48-B 


PENINSULAR’S team o 


9 Steel Service Centers 
working together to give you 


STEEL plus SERVICE 


America’s Largest independent Tool Steel Distributor 


TOOL STEELS « ALLOVS +» COLD DRAWN + HOLLOBAR 
FLAT GROUND STOCK + DRILL ROD + PLATE 


Over 40 Years of Service to industry 


ys) PENINSULAR STEEL COMPANY 


a 

Cc 24401 GROESBECK + P.O. BOX 3853 DETROIT 5, MICHIGAN 
rs DREXEL 1-9400 + PRESCOTT 8-2121 


A, 


METROIT. CLEVELAND INDIANAPOUS TOLEDO AKRON « DAYTON CHICAGO + GRAND RAPIDS BUFFALO 
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ELECTRA 
HEAT TREATING FURNACES 
DEPENDABLE, ECONOMICAL 
H and D Series . . . Hardening and Drawing Combination 
2000°F. and 2300°F. 
800°F. and 1250°F. 


Four standard models ....... . or special design to suit 


Hardening range 
Drawing range 


Complete with automatic indicating controllers, and ready to operate 


on standard line voltage . . . single or three phase. 


ELECTRA’S superior 
features include: 
© Welded cabinet con- 
struction steel casing 
®@ 7” firebrick and 
backup insulation 
throughout 
Arch roof design 
Air operated 
vertical door 
Silicon carbide 
Hearth Plate 
Low watt density, 
heavy gauge heat- 
ing elements 


Write for bulletin 
B-59 . . . or call 


ELECTRA 
PRODUCTS 
COMPANY 

Ulysses 5-6674 
Montgomeryville, Pa. 


Territories Open 


For Representatives : 
Circle 2188 on Page 48-B 
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Never before such 
precise temperature 


control at this price! 


$120 (SENSOR EXTRA) 


Honeywell’s new Resistance Bulb Controller 
responds to temperature changes as small as 
0.1°, yet is modestly priced. 


Honeywell's new R7087 temperature controller is a precision 
instrument designed for industrial use wherever temperatures 
must be precisely controlled: in packaging and plastics process- 
ing; plating tanks; annealing, bakery and paint-drying ovens; 
and in laboratory applications. Unusual flexibility is gained 
through a wide choice of sensors making ranges from —150° 
to +1400° F. possible. Centigrade scales are also available. 


The new transistorized controller compensates for ambient 


Hone 


th 
PIGMEERING THE FUTURE 
YEAR 


JUNE 1960 


temperature variations. Sensor connections of regular 18- 
gauge copper wire may be used up to 300 feet without sacti- 
ficing accuracy. Time proportioning with adjustable cycler 
timing is provided. 

Panel lights indicate when unit is below, on or above set 
point. Controller can be surface-or flush-mounted, features 
illuminated dial. Other models are available with position 
proportioning. 

For further information, call your local Honeywell office. 
Or write, Honeywell, Minneapolis 8, Minnesota. In Canada 
contact Honeywell Controls Limited, Toronto 17, Ontario. 


ywell 
Couttol 


SINCE 18665 
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FOR THE METAL WORKING SY YOUNG 
BROTHERS 


GRAPHITE PRODUCTS CORPORATION 
manufactures quality metal working lub- JUST A FEW USES: OVENS 
ricants. Lubricants for titanium, mag- 


neslum, aluminum and the new metals designed and built 
as well as steel, stainless steel, and High tempereture 
alleys. Lubricants for forging, extruding, for individual product 
drawing, and other metal working ep- © Extruding eempeund 
erations. Lubricants you can ceunt en 

to do the job. 

A qualified staff is available for spe. © Parting agent 
cialized development service. You ere j 
lnvited to submit your requirements. Write for Bulletin 157 
There is of course no charge fer this 


YOUNG BROTHERS Co. 


1829 Columbus Road °* Cleveland 13, Ohio 
GRAPHITE PRODUCTS CORPORATION Over 60 years of service 


BROOKFIELD, OHIO 


and process requirements 
© Dry lubricant 
batch and conveyor types up to 1000° F 
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Your success in ultrasonic cleaning rests on Branson's engineering 


SONOL. N approach — to the development of Sonogen’s simple, rugged components 
® 


— to their union into complete cleaning systems tailored to your needs. 
Our fourteen years in ultrasonics, seven of them in cleaning, have taught 
H us the most efficient, economical way to clean everything from 
the engineered needle valves to strip steel — from ball bearings to complex castings. 
Our nationwide force of experienced, factory-trained specialists is 


n to ready to help you plan, install and maintain an engineered cleaning 
a swer system you can depend on for years to come. Tell us your problem. 


Since 1946 — The Respected Name in Ultrasonics 


problems... Stamford, Connecticut 
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OW TEMPERATURE CABINETS 


for heavy 
service 

at high 
temperature 


HARROP 


NMR-12 


Model NMR-12-22115-DP. Equipped as 
FURS ACE described. Price $2,560.00 complete, 
f.o.b. Columbus, including crating. 
Only $2,560.00 puts this Harrop furnace to work for you. Non- 
for metallic resistors give steady service at temperatures up to 2800° F., 
with intermittent operation to 3000° F. Equipped for manual 
© Research Seven Revco cabinets, both chest and operation and for automatic cycling ...set time and temperature, 
upright styles. are available. Capacities then furnace heats to desired temperature, holds accurately for 
© Storage Prig the predetermined time, then shuts off. 
range from 1.5 to 6 cu. ft. in chests and Spectficath oatti see 12” wide by 17” d by 14” high 
ons pecifications: setting ce wide by eep by igh, 
© Seasoning outside dimensions 35” wide by 40” deep by 66” high. 3000° F. 
© Testin bie ‘thin +1°. Opti internal refractories. External blower for accelerated cooling. 
g able within + 1’. Optional accessories 15 KVA transformer, voltage adjustable from 55 to 230 volts in 
a offered. Immediate delivery on 36 steps. Millivoltmeter program controller. 
All NMR Furnaces by Harrop are designed for this kind of heavy- 
For peng) FREE copy of the helpful duty service, will cut operating time and expense . .. provide great 
folder, “‘Selecting a low temperature flexibility of control. Available with standard or optional in- 
cabinet,” write Revco, Dept. MP-60, ———— . . . Setting spaces ranging from 7” x 9” x 8442” to 
” x 40” x 36”. 
Industrial Products Div., ae furnace Som developed to meet your need. For non- 
obligating recommendation, send information on materials, tem- 
; FR? | —4 VwVCS Oo perature range, heat control and firing objectives to Dr. Robert A. 
Deerfield, Michigan Schoenlaub, Technical Advisor. 
HARROP ELECTRIC FURNACE DIVISION 
OF HARROP CERAMIC SERVICE CO. 
Circle 2183 on Page 48-B Dept. M, 3470 E. Fifth Ave., Columbus 19, Ohio 
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ALLURGY II 


NEW COMPANION VOLUME STEELS 


TO FAMED BASIC METALLURGY | 

This ~ describes CLARITE (type Tl) 
equipment and its use for metallurgical operations. This sé 
is a — guide to metallurgical equipment, test The pr ip — of all 
and techniques. H 

Well-illustrated with 67 pictures, 17 pull-out data 'g pee teels 
sheets and 37 charts and graphs, Basic Metallurgy II 
contains a comprehensive 8-page index for handy use Product of Skilled 
plus 68 references to other authoritative sources. American Workmen 


Table of Contents 

PURPOSE AND KINDS OF MICROSCOPIC INVESTIGATION 

TESTING PYROMETRY 
TENSION TESTING MACHINES HEAT TREATING EQUIPMENT 
HARDNESS TESTING PREPARED ATMOSPHERES FOR 
OTHER MECHANICAL TESTS HEAT TREATMENT 
NONDESTRUCTIVE TESTING | CORROSION TESTING 
MACROSCOPIC TESTING MISCELLANEOUS TESTING 


$7.50...232 Pgs. PLUS 17 Data Sheets...Red Cloth Binding 


ASM Technical and Engineering Book Information Service 
Metals Park, Novelty, Ohio 

Enclosed please find $................... ail mi for copy(s) of Basic 
Metallurgy, Volume II. 

Or: Bill me Bill Company 

City 
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, designed compact- 
‘ness . . . and with no costly 
‘extras to buy. Saves up to 
50° of your valuable floor 
space. But these are just a 
few of the revolutionary fea- 


— of the new Stokes 


H Microvac pump. 


Find out why Stokes offers 
more pumping perform- 

ance per dollar. Just write: 
‘Vacuum Equipment Division, 


F. J. STOKES CORPORATION, 


) TABOR RD., PHILA. 20, PA. 


STOKES 


CALCULATOR 
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The development of columbium during the past decade and its 
potential for the future are outlined in the first article in the Metals 
on the Move to the Future section, leading off this month’s Metal 
Progress. “Columbium Alloys Today” (p. 69) is the concerted effort 
of three metallurgists at General Electric’s Flight Propulsion Labo- 
ratory — L. P. Jahnke, R. G. Frank and T. K. Redden (left to right 
in the photo, with Dr. Chang of G.E., second from left ). Manager of 
metallurgical engineering in the Laboratory, Mr. Jahnke has worked 
ten years on materials and processes in high-temperature metallurgy; 
eight years have been spent in the Flight Propulsion Laboratory. 

R. G. Frank is manager of the columbium project, specializing 
in the development of columbium alloys for flight propulsion 


COLUMBIUM 
appheat 


devices. For the past seven years he has worked on refractory 
metals, on both alloy and process development. The third member 
of the metallurgical team, T. K. Redden, is a physical metallurgist 
in columbium development; since joining G.E. five years ago, he 
has been concerned with alloying behavior and process procedures 
for refractory metals. 


A new aluminum alloy — X2020 — is the subject of the report on 
p- 80 by J. G. Kaufman, E. H. Spuhler and A. H. Knoll (shown left 
to right in the photo p. 255), all with the Aluminum Co. of America. 
Mr. Spuhler, with Alcoa since 1947, is manager of the sales develop- 
ment division aero-space section, working on raw materials of 
aluminum alloys for application in aircraft and and missile struc- 
ture. Since 1956, Alan H. Knoll has been a research engineer in 
the engineering design division of Alcoa’s Research Laboratories, 
while Mr. Kaufman has been with the Laboratories since 1954. As 
assistant chief of the mechanical testing division, Mr. Kaufman is 
primarily concerned with the mechanical properties of aluminum 
alloys, particularly those properties related to notch sensitivity 
and fracture resistance. 

Mr. Spuhler says he has but one hobby — flying. He gained expe- 
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rience in flying and maintenance of military aircraft during active 
duty with the Air Force during World War II and in Korea. A 
family man, Mr. Knoll’s five children keep his off-hours from getting 
too peaceful. He is taking evening courses at Carnegie Tech and is 
active in church work — and when he can work it in, he'll be out on 
the handball court or golf course. Another family man (he has two 
children), Mr. Kaufman’s interests include photography, philately 
and (since he’s a native of Maryland) crabbing on Chesapeake Bay. 


Another metal on the move is discussed by G. K. Bhat in the story 
on p. 75 on “4137 Co — a New Steel for Rocket Motor Cases”. Dr. 
Bhat has been working principally on high-strength ferrous alloy 
development for missile structural components since joining the 
Mellon Institute for Industrial Research two years ago as a fellow 
and head of the missile materials research group. (He is shown in 
the photograph below talking with H. L. Anthony, director of 


research of the Institute.) Born in India, he immigrated to the 
United States in 1956 to study at Lehigh University where he 
received his M.S. and Ph.D. degrees in metallurgical engineering. 

He likes to relax with his family (a wife and daughter) and, when 
he gets the chance, indulge in some surf fishing, nature photography 
or gardening. 
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0002" 
SOMERS 
IS 
No. 1 
FOR 
STAINLESS 
_ STEEL 
STRIP" 


302,304,305,316,321,347,430 
17+7PH, PH-15-7MO plus various 
high temperature alloys and rare 
metals are precision produced by 
Somers up to 25” wide in gauges 
as thin as .001”, narrower widths 
to .0002”. 

Unique annealing and finishing 
equipment assure uniform temper, 
commercial bright anneal finish, 
close width as well as thickness 
tolerance and #4 edge on either 
coils or cut lengths. 

You can rely on Somers, specialists in 
rolling thin metal for over 50 years, 
for the engineering and production to 
meet your most exacting standards. 
Write for confidential data blank 
or field engineer for analysis of 
your special problem — no obliga- 
tion, of course. 


FOR EXACTING STANDARDS ONLY 


Somers Brass Company, Inc. 


106 BALDWIN AVE., WATERBURY, CONN. 
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MELTING 
MAGIC 


melting small 


free from crucible 
and atmosphere 
contamination is 
now solved with 
the new NRC vacuum levitation furnace. 
A 10 to 20 gram sample is supported, 
melted and thoroughly mixed by the in- 
ductive forces from a special high fre- 
quency electro-magnetic coil. Magnetic 
funnel delivers metal to precise point to 
produce a button or shape casting. Over 
100 samples per shift can be produced. 


HIGH VACUUM FOR DRYING 


Lowering the 
moisture content 
of hermetically 
sealed transform- 
ers, refrigera- 
tors, and other 
appliances makes 
them last longer 
and work better, 
NRC high vac- 
uum pumps and 
gauges are found 
on many produc- 
tion lines to help 
assure thorough, low-cost, safe drying. 

High vacuum drying of both trans- 
former cases and oil improves the elec- 
trical characteristics and cuts down on the 
chances of failure. In. refrigeration units, 
complete drying with high vacuum reduces 
the chances of corrosion or of ice forma- 
tion in the expansion orifice. 


*FREE NRC Vacuum Micronicle 


. 
| a periodical containing 


ate’ details of above and other 

news about making prod- 
7S ucts better with NRC 
| High Vacuum Equip- 


ment. Write on your 
company letterhead. 


EQUIPMENT 
CORPORATION 


A Subsidiary of National Research Corporation 


DEPT M-2, 160 Charlemont St., Newton 61, Mass. 


NRC Vacuum 


MICRONICLE® 


The problem of 


quantities of metal 


Behind the Bylines . . . 


“Clarify Your Heat Treat- 
ing Specifications” is the ex- 
hortation made by L. H. 
Haga, who is president of 
State Heat Treat, Inc., in 
Detroit and thus well-quali- 
fied to contribute to our Bet- 
ter Heat Treating Practice 
section on p. 117. A former 
associate professor of metal- 
lurgy at Illinois Institute of 
Technology, he is still active 
in educational work. He has 
also presented many lecture 
series, including one on the 
principles of heat treating for 
the West. Michigan Chapter 
© (he was chapter chairman in 1959). One of his other technical 
affiliations is the Metal Treating Institute; he is also president-elect 
of the Michigan Tech Alumni Assoc. 

Mr. Haga’s hobby is powerboating on Lake Macatawa and Lake 
Michigan with his family (which includes five good-looking 
daughters ). 


The second article on bet- 
ter heat treating practices — 
“Distortion in Heat Treatment 
... Its Cause and Prevention” 
—is based on remarks made 
by William C. Anderson at a 
round table meeting of the 
Los Angeles Chapter ©. 
Shown at left preparing a 
metallurgical specimen for 
microexamination, he is a re- 
search engineer in the mate- 
rial and process engineering 
group of North American Avi- 
ation, working primarily on 
precipitation hardening cor- 
rosion resistant steel and spe- 
cial heat treating problems. 


T. F. Hengstenberg and E. F. Vandergrift (see “Vacuum Furnace 
for Creep-Rupture Testing” on p. 94) are both engineers in the 
materials engineering department of Westinghouse Electric Corp. 
in East Pittsburgh. Mr. Hengstenberg was in the mechanics depart- 
ment of Westinghouse Research Laboratories until 1954. At present, 
he supervises the performance laboratory of the company’s material 
engineering department where vacuum and controlled atmosphere 
facilities for stress-rupture and fatigue testing are being developed. 
Mr. Vandergrift has been in the physical testing field since coming 
to Westinghouse as a lab technician in 1948. His stay was inter- 
rupted by two years in the Army but he returned to the company 
after his release from the service. 
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A. J. Bush (“Impact Testing at High Temperature” on p. 98) is 
also an engineer in the materials engineering department of West- 
inghouse. A stress analyst with Lockheed Aircraft until 1955, he 
has worked on developing test equipment for evaluating the per- 
formance of materials and on stress analysis problems since coming 
to Westinghouse. He received his B.S. degree in mechanical engi- 
neering at Carnegie Institute of Technology and is currently work- 
ing for his M.S. degree there. 


The discussion of bronze in metal finishing on p. 126 is by Fred- 
erick A. Lowenheim, associated with Metal & Thermit Corp. for 
25 years. Now laboratory manager of the company’s Rahway, N. J., 
laboratories, he has specialized in problems of electrochemistry, tin 


chemistry and related fields and has been associated with several 
developments in the field of tin and tin alloy plating. More re- 
cently his interests have centered on corrosion resistance of plate 
coatings and he has been active in A.S.T.M. Committee B-80. 

His other interests include music, literature, drama, as well as 
just plain loafing. 


“Welding Tantalum for High-Temperature Systems” is based on 
work carried out at Battelle Memorial Institute when all four 
authors were on the staff of the metals joining division. P. J. Rieppel 
began his welding engineering career at Curtiss-Wright Corp. and 
in 1943 joined the staff at Battelle as welding research engineer. 
Since 1953 he has been chief of the metals joining division. J. N. 
Antonevich, principal electrical engineer in the applied physics 
division, came to Battelle in 1953 from John Oster Mfg. Co. He is 
engaged in research involving the application of ultrasonics in 
biology, metal fabrication, machining, testing and other fields. 
R. P. Sopher and S. M. Silverstein are no longer on the Battelle 
staff. Mr. Sopher, who was assistant chief of the metals joining 
division from 1953 until his resignation, is now supervisor of 
research metallurgy for Electric Boat Co., a division of General 
Dynamics, while Mr. Silverstein, welding engineer in the metals 
joining division for six years, is now in the applied research and 
development section of the Lycoming Div. of Avco Corp., where 
he is concerned with refractory and high-temperature metals. 


RARE EARTH 


YTTRIUM. 
METALS 


In your unceasing search for prom- 
ising new materials for metallur- 
gical applications, you are sure to 
find it interesting and provocative 
. and quite likely rewarding . 
to investigate the rare earths. 
Rare earth and yttrium metals 
are readily available from our in- 
ventory in a wide range of purities 
in experimental quantities. Primary 
forms are ingots, lumps and turn- 
ings. Costs are reasonable and ad- 
vantageous for your research or 
product development operations. 
Lindsay rare earths cover the 
whole gamut of rare earth tech- 
nology, from crudes to highly re- 
fined materials. One of the signif- 
icant properties of the rare earth 
metals is their scavenging ability 
for oxygen, sulfur, and some other 
non-metallics. 


LOOK AT YTTRIUM, TOO 


Yttrium shouldn't be overlooked 
either. It is available in grades 
ranging from high purity to crude 
alloys with magnesium. 

Lindsay has been working with 
the rare earths for nearly 60 years, 
and is the world’s largest pro- 
ducer of rare earth, yttrium, and 
thorium materials. We can furnish 
you with a considerable amount 
of interesting and revealing tech- 
nical data on rare earth and yt- 
trium metals, including a detailed 
tabulation of properties, purities, 
and costs. 

Please ask for our bulletin “Rare 
Earth and Yttrium Metals.” It will 
be sent to you promptly. 


Linpsay CHEMICAL Pivision 


American Potash & 
Chemical Corporation 


99 Park Avenue, New York 16, N.Y. 


3000 West Sixth St., Los Angeles 54, Calif. 


Circle 2192 on Page 48-8 


‘ 
| 
= 
4 
| 
| 
? #3 
| 


Acheson Colloids Co................ 171 General Motors Corp., Peninsular Steel Co................- 250 


rey ks eee 135 Research Laboratories ........... 203 Pereny Equipment Co.... 248 
Ajax Magnethermic Corp. Globe Steel Abrasive Co............. 29 Philips Electronic Instruments, Inc.. 18 
99s ten eee cua Inside Front Cover Glo-Quartz Electric Heater Co., Inc. 188 Picker X-Ray Corp..... 
Aldridge Industrial Oils, 189 Gordon ~~ 45 Porter, H.K.Co.Inc, 
egheny Ludlum raphite Products Corp............ 252 Forge a 
100C, 229 Great Lakes Carbon Co. 143 Pressed Steel ratings Div 160 
rieve-Hendry Co., Inc............. 188 
Aluminium Limited Sales, Inc.. ..10-11 Republic Steel Cor = 
182 Hacker, W. J., & Co., Inc............ 185 Revco, Inc. 18 
American’ Cyanamid Co... -......... Haller, Ine. 2, 253 
merican Gas Furnace Co.......... Handy & Harman...............; 164B 
es and Metals, Inc. P- Harper Electric Furnace Corp....... 243 American Machine and Motals, 
dehle Div. Harrop Ceramic Service Co......... 253 ~—swRRolled Alloys, 
American Nickeloid Co. ............ 250 Scientific Div., Rolled Alloys, 
American Smelting & Harshaw Chemical Co............ 50 Rolock Inc. 
; merican iety for Me ivision of Union Carbide Corp. 40-41 
216, 224-225, 228, 244, 258 Hevi-Duty Electric Co... of Ross Corp.. 
{ mpco Metal, 146 Ryerson & Son. Inc. Josenh T 
eneral Aniline um Corp..... ooker 52 
Armco Steel 28 Hoover Co........... Salem-Brosius, Inc. ................ 
Armstrong-Blum Mfg. Co. ........ 192 Houghton & Co.,E.F........... 200,201 Sal ‘Re Manufacturing Co... 33, 34 
Ashworth Brothers, Inc...........-- 140 Sh 204 
Baboock és Wileox Inductotherm 6 Shell Corp............. 249 
abcoc ilcox Co., nstron Engineering Corp........... 14 Share Instrumant & Tne’ 
Refractories Division ............ 157 International Nickel & Mfg. Co., Inc.. .184 
f Bath Co., 46 Ipsen Industries, Inc........... 198 
Bausch & Lomb Optical Co....... 100D "Alli 4 
Bethlehem Steel Co............ 214, 231 Jarl Extrusions, Inc...............-. 189 Somers Brass. ‘Co SE = 
Jones & Laughlin Steel Corp..i64; 164A Sotgel Go. 
Branson Ultrasonic Corp........ 185, 252 Kent Cliff Laboratories Div., > ae i pg Co.. .166, 167, 168, 169 
Buehler, Limited 165 Take Oo... 181 Superior Ind 354 
Cambridge Wire Cloth Co.......... 179 Leeds & Northrup Co............... 56 Copperweld Steel re) 
Cameron Iron Works, Inc. ......... 197 Lepel High Frequency Labs., Inc... 7 Superior Tube Co Dnccssrecscoes 15 
Carpenter Steel. 19A, 51 Lindberg Engineering Co....... 232-233 Surface Combustion Div 226 
27 Lindsay Chemical Division, Midland-Ross Cor 
Chambersburg Engineering Co. aa American Potash & Chemical Swift & Co 30- " 
romalloy Corp. 257 Sylvania Electric Products Inc 
Cincinnati Milling Machine Co.....35A Lithium Corp. of America.......... 206 Sylvania Electric Products, Inc... ... 163 
Columbia Tool Steel Co............. 253 Little Falls Alloys, Inc.............. 186 Technic, Inc. 
Copperweld Steel Co., Loma Machine Manufacturing Co... 5 Templl Corp... 185 
Ohio Seamless Tube Div.......... Lacifer PUrnaces, 190 Timken Roller Bearing = 
Crobau 181 Magnafiux Corp. .......... 147, 182, 184 
Damascus Tube Co. ................ 62 nion Carbide Metals Co. 
Despatch Oven Co. ..............-+ 187 United ‘Scient 159, Back Cover 
Detroit Flame Hardening Co........ 181 Martindale Electric Co............. 188 U t Scientific Co., 
Detroit Hardness Tester............ 183 McDanel Refractory Porcelain Co...144 U ae. Instrument Div........... 49 
Detroit Testing Machine Co......... 25 Metals Engineering Institute ....... 234 
187 Metal Treating Equipment U niversal Atlas Cement Div...... 63 
19B 190 nit Process Assemblies, Inc........ 183 
Miller Electric Mfg. Co., Inc......... 174 
Eaton Manufacturing Co........... 42 Minneapolis-Honeywell — .53, 191, 251 Vanadium Corp. of America........ 217 
Eclipse Fuel Engineering Co........ 189 Mixing Equipment Co., Inc......... 142 Vaughn Machinery Co.............. 211 
Electra Products Co..............-. 250 Molybdenum Corp. of America...... 209 Voss Engineering Co................ 59 
Electric Furnace Co. 
AS Se Inside Back Cover National Carbon C Wah Chang Corp...................286 
Electro Alloys Division, Div. of Union Carbide Corp....... 175 219 
Ameriean Brake Shoe Co......... 2 National Metal Abrasive Co......... 145 Waldron-Hartig, 
y, Engineered Precision Casting Co... .187 National Research Corp............. 256 Division of Midland-Ross Corp.. .8-9 
ag Engelhard Industries, Inc....... 172-173. National Ultrasonic Corp........... 183 Wallace Barnes Steel Div., 
" National Electric Instrument Div. 248 Newage Industries, Inc......... 182, 184 Associated Spring Corp........... 230 < 
Niagara Blower Co................. 43 Wall Colmonoy Corp................ 47 
161 Northwest Chemical Co............. 153 Washington Steel Corp............. 162 
Falls Industries, Inc...............- 151 Engineering Co. 205 
: Fansteel Metallurgical Corp... .246-247 Weston Instruments Div., 
; Fink! & Sons Co., 138  Oakite Products, Inc................ 60 227 
Foote Mineral Co...............-+++ 4 Ohio Crankshaft Co................ 35 White Metal Rolling & 
181 Ohio Seamless Tube Div., Stamping Corp. 186 
. Copperweld Steel Co.............. 55 Wilson Engineering Co., Inc., Lee. . 
Gas Atmospheres, Inc.........-..--- 180 Ohio Steel Foundry Co. ............ 149 Wilson Mechanical Instrument Div., 
OO... 220 Olsen Testing Machine Co., Tinius. .152 American Chain & Cable Co...... "154 
General American Opto-Metric Tools, Inc............. 182 Wilson Rockwell Hardness Testers. .183 
Transportation Corp. ..........-- 222 Wiretex Mfg. Co., Inc............... 186 
General Electric Co. Pacific Scientific Co................ 193 
Mekallurgical Products Dept.. 38 Papesch & Kolstad, Inc............. 189 : 
General Extrusions, Inc...........-- 188 Park Chemical Co.................- 58 Zak Machine Works, Inc.......... 207B - 


Metal Progress — Volume 77 — Number 6 — June 1960, 


KABLE PRINTING COMPANY 


“Ae 


THE ELECTRIC co. 


* 
intering Furnaces 


for processing metal powder products 
and bonding metal powder fo strip 


Wide experience in sintering 
ferrous and non-ferrous pressed 
metal products of different analy- 
sis, shape and size; bonding pow- 
der to strip, and other ** powdered 
metal’’ heat treatments. Installa- 
tions in daily operation range from 
small fuel fired or electrically 
heated wire mesh belt furnaces to 
high production combination fuel 
fired and electrically heated roller 
hearth furnaces more than 100 feet 
long. 


The treatment varies with the 
powders being processed. The 
green compacts are sometimes 
carried through the furnace di- 
rectly on a wire mesh belt,— but 


more frequently are loaded on 
trays, which in turn are moved 
through the furnace on a wire 
mesh belt or roller hearth con- 
veyor. Use of a heat resisting alloy 
muffle tube, or radiant tube heating 
elements, in fuel fired furnaces, 
eliminates any contamination of 
the work with flue products, and 
permits exact atmosphere control. 
Outputs to meet any production 
requirement. 


A thorough understanding of 
the problems involved, and care- 
ful engineering, assure production 
of a high quality product, of un- 
varying uniformity, that finds 
highest market acceptance. 


200 West Wilson Street 
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Ask us also about our wide 
experience in designing and build- 
ing furnaces for annealing, nor- 
malizing, hardening, carburizing, 
nitriding, carbon restoration, gal- 
vanizing, Coating, brazing, billet 
heating, malleablizing and other 
heat treatments. 


For any ferrous or non-ferrous 
furnace heat treating project you 
will find ‘It pays to call the EF 
heat treating engineers’’. Let us 
work with you on your next project. 


SEND FOR BULLETIN NO. 591 
Twenty pages. It illustrates 

and describes the many dif- 

ferent types of furnaces we 

build, and the applications 

in which each is used. 

Write for your 

copy TODAY! 


THE ELECTRIC FURNACE Co. 


Gas-fired, Oil-fired and Electric Furnaces for Heat Treating any Product. 


Using any Process, any Hourly Output. 


alem - Chio 


Branch Offices in Detroit, Mich., Santa Ana, Calif., and Cheshire, Conn. Canadian Associates, Canefco Limited, Toronto 13, Ontario 


GAS + Oil. ELECTRIC 
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Millions have been made and saved 
with UCM’s “FIVE-DEEP” Ferroalloys 


Metal producers in their ceaseless drive 
to improve products and profits are learn- 
ing the value of Union Carbide Metals’ 
FIVE-DEEP ferroalloys. Here are some of 
the advantages these alloys provide. 


Five Extra Values in Depth 


1) Technology—many million dollars a 
year, invested in UCM’s 600-man re- 
search and development center — helps 
you produce more profitable metals. The 
payoff has been progress—over 100 new 
alloys and metals— providing countless 
ways to improve your products. 

® Customer Service brings you our in- 
tegrated experience in the application of 
ferroalloys to various melting practices. 


Engineers from 9 UCM field offices travel 
a million miles a year to provide on-the- 
scene technical assistance. 

© Global Ore Sources assure you unin- 
terrupted supplies of ferroalloys. UCM’s 
close association with many mines 
throughout the world provides depend- 
able raw material sources. 

© Unmatched Facilities free you from 
delivery worries. Only UCM gives you 6 
plants—3 with their own power facilities 
—and 17 warehouses, all located for fast 
shipments by rail, truck, or water. 

@ Strictest Quality Control—with over 
100,000 tests per month from mines to 
shipment—makes sure you always get 
alloys of uniform size and analysis, with 


Only ELECTROMET ferroalloys from UCM are so deep in extra values to help you. 
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minimum fines, lot after lot. 

For better metals, production econo- 
mies, bigger profits, insist on UCM’s 
FIVE-DEEP alloys. Union Carbide Metals 
Company, Division of Union Carbide 
Corporation, 30 East 42nd Street, New 
York 17, N. Y., producer of “Electromet” 
brand metallurgical products. 


“Union Carbide” and “Electromet” are registered 
trade marks of Union Carbide Corporation. 
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